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PHASE-EQUILIBRIUM DATA IN THE MANUFACTURE OF REFRACTORIES* 


By Raymonp E. Birrcu 


ABSTRACT 


It has been possible, with certain types of refractories, to apply phase-rule data to 
the manufactuiing processes. The fields in which these data are useful include silica, 
magnesite, chrome, dolomite, forsterite, and, to a limited extent, alumina-silica re- 
fractories. Phase-rule data frequently are inadequate, and in other cases their use is 
dependent on certain empirical generalizations. Refractories usually contain five or 
more oxides which are present in amounts that cannot be ignored. The application of 
three-component phase-rule data is possible because of independent research conclusions 
which have shown that there is almost no solubility of certain components in the liquid 
phase in some systems or that one or more components are present almost entirely in 
solid solution. 

In predicting which of several types of refractories is likely to succeed best in a given 
service, the information available is usually insufficient to permit a strict application of 
phase-rule data. Slagging action, in a large measure, depends on slag viscosity, and 


viscosity data are usually not available. 


|. Introduction 
Phase-equilibrium data have been an important 
factor in many of the refractories developments of the 
last two decades. Their contribution may be defined 
as a movement which has taught the industry to view 
refractory materials as ‘‘systems,”’ orderly in character 
rather than as “hit-or-miss” mixes. 


ll. Silica Refractories 

The field of silica refractories is perhaps the most 
interesting in this discussion. The quartzites used by 
the refractories manufacturer have a purity unequalled 
by any other common refractory raw material. These 
quartzites generally contain 96 to 99% of SiO», and the 
bonding agent used in the brick is relatively pure lime. 
Although silica is the only main component, the system 
is nevertheless complex owing to the existence of a 
number of forms of silica. When it is considered that 
quartz, the form in which silica exists in quartzite, 
completes its reversible alpha-beta for.n change within 
a few seconds and that this inversion is accompanied by 
a considerable change in volume, it will be understood 
that success in the manufacture of silica brick cannot 
be attained without some knowledge of these forms. 
When, however, the alpha-beta quartz inversion was 
first observed in 1890 by Le Chatelier, silica brick had 
been in production at Akron, Ohio, for fifteen to twenty- 
four years.' The Akron manufacturer was J. Park 
Alexander,? whose patent of November 30, 1875, states 
that he used “from 1 to 20% of lime, according to 
the quality of brick required.” Alexander probably 
did not know all of the answers to silica-brick manu- 
facturing problems. It is a good guess that he lost 
plenty of sleep wondering why his breakage was 75% 
from one kiln and only 10% from another. 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 1, 1941 
(Refractories Division). Received April 2, 1941. 

1F,. H. Norton, Refractories, p. 19. McGraw-Hill 
Book Co., Inc., New York, 1931; Ceram. Abs., 11 [1] 
40 (1932). 

2 J. Parke Alexander, U.S. Pat. 170,502, Nov. 30, 1875. 
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Several phase-rule contributions since 1900 have 
been of major importance in the field of silica refrac- 
tories. In 1913, Fenner*® knit together the stories of 
each of the forms of silica and presented data which 
largely govern the selection of the heating course 
to be followed in firing silica to obtain a given 
product. The Geophysical Laboratory reported its 
study* of the pertinent system CaQ-Al,O,-SiO, in 
1915, but it was not until 1927 that Greig reported the 
findings which are most highly significant in under- 
standing the melting behavior of silica refractories.* 

The importance of Fenner’s work was promptly 
recognized in the refractories industry by McDowell 
and others. McDowell's comprehensive and highly in- 
fluential study of silica refractories* which shortly ap- 
peared indicated how Fenner’s conclusions should guide 
th. manufacture and application of silica refractories. 
He contributed to the development of a type of inter- 
pretative diagram of phase changes which has sitice 
been included in nearly all thorough studies on silica. 
McDowell not only made use of the data available in 
1917, but he indicated the method wherein other data 
might be applied when they should become available. 

Greig’s data of greatest significance to the refrac- 
tories manufacturer are those comprising equilibrium 
relations in the system CaO-SiO, (Fig. 1). Earlier 
work had indicated that there was a fairly uniform 
but gradual decrease in the final melting tempera- 
ture as increasing amounts of lime were added to 
silica. Greig, however, found that the final melting 
temperature was unchanged for all mixtures of silica 
and lime containing about 1 to 27.5% of lime. In 
other words, the high silica end of the melting curve 
exhibits a form which, for lack of a better term, may be 


*C. N. Fenner, “Stability Relations of Silica Minerals,”’ 
Amer. Jour. Sci., [4] 36 [214] 331-84 (1913). 

*G. A. Rankin and F. E. Wright, ““Ternary System 
CaO-Al,O;-SiO,,” ibid., [4] 39 [229] 1-79 (1915). 

5 J. W. Greig, ‘““Immiscibility in Silicate Melts,”’ idid., 
13 [5] 1-44, 133-54 (1927); Ceram. Abs., 6 [4] 157 (1927). 

J. Spotts McDowell, “Study of Silica Refractories,”’ 
Trans. AI.M.M.E., $7, 3-61 (1917). 
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referred to as a plateau. This unusual phenomenon is 
directly connected to Greig’s discovery that these com- 
positions do not melt to form the usual single homogene- 
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Fic. 1.—The high lime end of the system CaO-—SiO, as 
revised by Greig.® 


ous liquid; instead, they form two liquids which are 
immiscible in each other. The appearance of such a 
melt is shown by Fig. 2 (Fig. 12 of Greig). 

If the refractories manufacturer had not already 
been using lime as a bond, these findings would forcibly 
have suggested its use. The prior use of lime does not 
detract from the appreciation of these phase-rule data. 
The data provide a scientific basis for deciding how high 
the lime may be carried with safety. It was also re- 
vealed by Greig that certain other oxidcs affect silica in 
the same manner as lime. These are MgO, SrO, MnO, 
ZnO, FeO, NiO, and CoO. In looking for a bond for a 


Fic. 2.—An example of immiscibility, described by 
Greig*® as ‘‘Drop formed by melting a mixture of 5% of 
CaO, 95% of SiO.. The drop consists of siliceous glass 
with lime-rich glass dispersed in it. Some of the larger 
masses of lime-rich glass in the central part are quite 
dark due to minute crystals of cristobalite which formed 
during quenching.” 


high-temperature silica refractory, the refractories 
manufacturer is advised to confine his attentions to this 
group. 

If knowledge of the plateau effect caused by the 
immiscibility of lime-silica melts is valuable to the re- 
fractories manufacturer, it is equally worth while to 
know which of the impurities in silica brick may in- 
hibit or destroy this effect. Phase-rule data provide 
this information for most of the common oxides. It 
is known, for example, from the work of Bowen and 
Greig’ that when alumina is added to silica, there is 
no sign of the immiscibility plateau (Fig. 3). The 
curve of complete melting falls away rapidly as small 
percentages of alumina are added to silica. Further- 
more, only a small amount of alumina is needed to 
eliminate the immiscibility plateau in a lime-silica 
mixture. 
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Fic. 3.—The system Al,0;—SiO, (Bowen and Greig)’ 


Impurities, or slagging oxides, which are shown by 
equilibrium data to affect the melting characteristics 
of silica in the same manner as alumina, include all of 
the alkalis and many other oxides. In fact, this is the 
normal effect which is to be expected. 

The foregoing paragraphs have outlined the major 
contributions of phase-rule d: ta to the understanding of 
silica refractories. A few other applications, however, 
might be cited to advantage. 

(1) If tridymite development is the object, silica 
brick should not be fired above 1470°C. The rate of 
inversion of cristobalite to tridymite will decrease as 
this temperature is closely approached, and all inversion 
to tridymite will cease when it is passed. A firing 
temperature of about 1430°C. has generally proved to 
be most satisfactory for normal silica brick. 

(2) Phase-rule data, combined with a knowledge 
of thermal-expansion data, have made it possible to 
establish by calculation the best heating curve for 
firing silica brick. The value of this method has been 
verified in commercial firing practice. 

(3) The brown discoloration or liver spotting of 
silica brick usually represents the development of in- 


™N. L. Bowen and J. W. Greig, “System: Al,O;- 
ions) Jour. Amer. Ceram. Soc., 7 [4] 238-54; [5] 419 
1924). 
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numerable minute brown inclusions within the lime- 
silicate mineral, wollastonite (CaO-SiO,). Silica brick 
of normal color refired at 800° to 1000°C. will fre- 
quently turn brown all over. A study of the equi- 
librium data for mixtures of lime, silica, and ferrous 
oxide® shows that solid solutions of wollastonite (CaO - 
SiO.) and of FeO-SiO, undergo an unmixing approxi- 
mately at this temperature to precipitate the black 
mineral, hedenbergite (CaO-FeO-2Si0,), and thus to 
produce almost exactly the effect observed in these dis- 
colored brick. This observation is iucluded here 
merely to indicate that equilibrium data warrant con- 
sideration even when operating problems are being 
studied. 
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Fic. 4.—Small additions cf CaO to certain mixtures of 
SiO, and Al,O; result in an apparent increase in refractori- 
ness owing to the decrease in the amount of melting at 
given temperatures. 


(4) As long as there is more than a trace of alumina 
in a given quartzite, the addition of a small amount of 
lime will benefit it by improving the melting charac- 
teristics of the mix. In the light of the prevailing 
doctrine that refractories, which fail by softening, do 
so as a result of a partial melting of their constituents, 
it follows that the best composition will frequently be 
the one that d+velops the least melting at furnace- 
operating temperatures. In quartzites containing 
more than a trace of alumina, this condition is fulfilled 
by the addition of a small amount of lime. There is 
an optimum lime percentage for any given alumina 
content and a higher amount of lime may be worse 
tha: none at all. Figure 4 indicates the percentage of 
lime which should give the most refractory mix for one 
particular percentage of alumina. Small additions of 
lime actually decrease the percentage of liquid formed 
at 16L0° and 1650°%°. This is probably the first time 


N. Bowen, J. F. Schairer, and E. Posnjak, ‘‘System 
CaO-FeO-SiO,,”’ Amer. Jour. Sci., [5] 27 [153] 193-284 
(1933); Ceram. Abs., 12 [2] 83 (1933). 
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that it has been pointed out that lime is actually re- 
sponsible for increasing the refractoriness of silica 
brick. This fact has been confirmed experimentally. 
(5) An outstanding property of silica brick is their 
ability to support lead almost to their temperature of 
complete melting. That this is clearly explained by 
equilibrium data is indicated by Fig. 5. As is the case 
with all of the other commercial refractories, softening 
under load is due to progressive melting. If the tem- 
perature is increased, first a small amount of liquid 
material forms at what is termed the eutectic. An 
additional temperature rise causes a progressive increase 
in the proportion of the refractory that is melted, and 
this decreases that part which remains solid. A small 
amount of liquid does no harm and it may even be 
beneficial, but a condition is reached eventually where 
enough liquid is present to allow the brick to soften 
under load. Stated in another way, insufficient solid 
matter is present to maintain the load. The best 
fire-clay refractories, having a P.C.E. of 33-34, may 
nevertheless be made to yield under loading of 25 
lb. per sq. in. at temperatures as low as 1350°C. Silica 
brick have a lower P.C.E. than 33-34, but they do 
not yield under this load at temperatures below 1600°C. 
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Fic. 5.—The progress of melting in two silica brick com- 
positions. 


The curve in Fig. 5 for liquid development in normal 
silica brick is based on the assumption that the brick 
contains only silica, lime, and alumina. The alkalis 
and titania revealed by analysis have been included in 
the alumina percentage as their behavior is similar. 
Iron oxide, therefore, is the only important constituent 
not included in the calculations. The simplified 
analysis used - these calculations is SiO, 96.8, CaO 2.0, 
and Al,O; 1.2%. Figure 5 shows that only 8% of this 
composition becomes liquid at the eutectic tempera- 

ur:, 1165°C. This would hardly moisten the grains, 
especially since this liquid is known to be highly viscous. 
However, the phenomenon which gives silica brick 
their unique load-bearing strength is the remarkably 
slow progression of melting with further termperature 
rise over a wide temperature range. The 8% of liquid 
. 165°C. has increased only to 13% at 1500°C., to 
'% at 1600°C., and to 30% at 1650°C., which is only 
50°C below the temperature of complete melting. 

All of these comments assume a rate of heating slow 

enough to give equilibrium conditions. High silica 
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systems are known to be especially slow in attaining 
equilibrium. However, when Greig established the 
present value for the melting point of cristobalite, in 
no case did he find it necessary to extend his holding 
period for more than forty-five minutes.® 

We have recently found that the behavior of silica 
brick in the usual 25 Ib. per sq. in. load test can prob- 
ably be predicted from phase-rule data if the chemical 
analysis of the brick is known. The normal silica 
brick, used as an example in one of the curves in Fig. 5 
was found to fail at 1650°C. in this test. The liquid 
formation curve shows that this composition would 
have been about one third melted at 1650°C. The 
question arises as to whether silica brick, made with 
somewhat different ratios of bonds, will stand up in the 
load test to the temperature at which phase-equilibrium 
data indicate that they should be about one third 
melted. We have found indications that this is the 
case within the limits studied for lime as a bond. 

The right-hand curve of Fig. 5 illustrates this point. 
It is based on equilibrium data for a silica composition 
which shows even slower melting than normal silica 
brick. This composition is only 10% melted at 
1650°C., which is within 60°C. of its complete melting 
temperature. As mentioned before, the normal silica 
brick failed under load at 1650°C., at which tem- 
perature it was one third melted. The modified com- 
position of the right-hand curve does not develop this 
amount of liquid until a temperature of 1695°C. is 
reached. Thus it could be predicted from the phase- 
rule data that this special silica brick would stand up 
to 1695°C. in the standard load test, which, by actual 
test, was within 5°C. of the observed result. 

It should be observed that a simplifying factor in 
applying phase-rule data to silica refractories is the 
purity with which silica can be expected to crystallize. 
In chrome refractories, we are faced with complexity 
due to solid solutions involving many oxides. In 
magnesite and dolomite, there is also complexity due 
to solid solution. 


lll. Magnesite Refractories 


The analysis of almost any refractory dead-burned 
magnesite shows that, besides MgO, a considerable 
percentage of each of four other oxides, CaO, FeOs, 
Al,O;, and SiO:, is present. Occasionally as much as 
1% of MnO or of the alkalis may also be present. 
Although this system would seem to be too complex 
for the application of more than the broadest of phase- 
equilibrium principles, an analysis of the problem shows 
that data from certain three-component systems, partic- 
ularly that of CaO-Al,O;-SiO., may be applied to ob- 
tain a better understanding of magnesite refractories. 

The components present in any given dead-burned 
magnesite may be grouped for these studies as follows: 


GROUPING OF OxIDES IN DEAD-BURNED MAGNESITES 
Silicates surrounding 


Periclase grain periclase grain 


MgO SiO, 

Fe,0; In solid solu- Al,O; 

MnO tioninthe CaO 

Minor RO oxides) _periclase Minor oxides including 


alkalis and some MgO 


Dead-burned magnesite may be considered for prac- 
tical purposes to be composed of refractory periclase 
grains, as the major component, and a minor silicate 
matrix. The iron oxide and any manganese oxide 
present will be uniformly distributed within the peri- 
clase grain. It makes no difference whether the iron 
oxide is present as a stable solid solution or as an un- 
mixed solid solution because in any case it is a part 
of the periclase grain. Fisk and McCaughey® have 
shown that periclase may absorb more than twice its 
own weight of iron oxide. The result of this simplified 
approach is that the magnesite refractory may be 
viewed as a highly refractory grain, more or less en- 
veloped in a silicate matrix of only moderate refrac- 
toriness. For practical purposes, this silicate is con- 
sidered to be composed of lime, alumina, and silica, 
Actually it contains alkalis, a minor portion of the iron 
oxide, and a small amount of magnesia. That the sili- 
cates should contain much lime but little magnesia in 
the presence of an overwhelming reservoir of magnesia 
seems paradoxical. This relationship, however, is 
now commonly accepted, and it is explained in every- 
day terms by stating that silica preferably combines 
with lime rather than with magnesia. The crystalliza- 
tion of pure compounds from a silicate system such as 
that found in megnesite refractories should not be 
considered even as a remote possibility. Solid solu- 
tions or mived crystals would be the rule rather than 
the exception. 

This simplified approach to a study of magnesite 
refractories is analogous to that which Seil'® and others 
have applied to chrome refractories. As with chrome 
refractories, it provides an explanation for the phe- 
nomenon of low-temperature softening. The silicates 
may melt wholly or in part at temperatures below 
1600°C. although the major constituent is a refractory 
grain which does not melt below 2000°C. 

About ten years ago thorough tests were run on 
a group of dead-burned magnesites which repre- 
sented all of the foreign and domestic types then on 
the world market. After the behavior of brick made 
from the grains was established, an endeavor was made 
to correlate their properties with their analyses and 
with phase-rule data. Such a correlation was worked 
out successfully by a combination of empirical methods 
and equilibrium data. The properties of a refractory 
which can be made from any blend of magnesites can 
be predicted from their analyses, assuming that they 
have been dead-burned to a degree that meets com- 
mercial standards. 

The softening of a magnesite refractory is governed 
largely by the melting of the silicates. If it is assumed 
that CaO, Al,O;, and SiO, largely comprise these 
silicates, the equilibrium data for this ternary system 
should give a clue to the softening characteristics of 


°H. G. Fisk and W. J. McCaughey, “Equilibrium 
Studies in Systems Containing Magnesium Oxide, Iron 
Oxide, and Magnesium Aluminate,’’ Ohio State Univ. 
Eng. Expt. Stat. Bull., No. 70, 1-44 (July, 1932); Cerasn. 
Abs., 12 [3] 128 (1933). 

”G. E. Seil, ““Petrography and Heat Treatment of 
Chromite Refractories,’ Pa. State Coll. Ceram. Conf. 
Proc. Bull., No. 14 (undated). 
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Fic. 6.—The black dots indicate the ratios of CaO, Al,O;, and SiO, in fourteen types of dead-burned magnesite. 


any given magnesite. Table I shows the analyses of 
nine commercial magnesites with their CaO, Al,Os, 
and SiO, contents grouped separately from the oxides 
present in the periclase grain. The totals of CaO, 


Al,O;, and SiO, range from 3.4 to 11.3%. In the 
TABLE I 
CHEMICAL ANALYSES OF DEAD-BURNED MAGNESITES 
M o D N Vv T U s A 
MgO _ 88.9 87.7 92.5 87.7 84.4 85.5 84.6 83.1 83.6 
MnO 0.3 0.3 Tr. 0.3 0.8 0.6 0.3 0.3 0.4 
Fe,0; 6.6 6.2 1.6 4.3 7.3 6.1 6.5 6.7 4.3 
CaO 2.4 2.6 2.2 3.8 3.3 3.0 2.8 2.9 5.4 
Al,O; 6.6 68 31.6 2.5 882 
SiO, 0.6 1.2 1.5 2.3 3.0 3.1 4.1 3.2 4.8 
3.4 4.4 4 6.6 7.3 7.2 7.9 6.8 11.3 
CaO, AlsOs, and SiO, calculated to 100% total 
CaO 70 8&7 4 42 3 424 4 
Al,O; 12 14 12 8 14 
SiO, 8s wT Be BH HB 
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bottom portion of the table, these three oxides are 
converted to 100% totals. The location of these 
compositions on the equilibrium diagram for the system 
CaO-Al,O;-SiO, is shown in Fig. 6. A few points 
have been added for newly introduced types of mag- 
nesite, including so-called seawater magnesite (E). 

There is a wide scattering of points with CaO rang- 
ing from 12 to 70%. Alumina varies only from 7 to 
23%. If the course of melting is calculated for each 
of these compositions by phase-rule methods, they are 
found to differ widely in many respects. This is shown 
by Fig. 7, in which each composition is carried to com- 
plete melting. The percentage of liquid is expressed 
as percentage of the entire brick composition including 
MgO. 

These curves trace the course of melting for mixtures 
of CaO, Al,O;, and SiO, in the particular proportions 
found in the nine magnesites. By way of explanation, 
composition U shows initial melting at 1165°C. and a 
rather rapid additional solution of solids until all of the 
CaO, Al,O;, and SiO, are melted at 1360°C. The 
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curve for U at 1360°C. shows not 100% of liquid but 
only 7.9%, which is the total percentage of the three 
oxides in the nagnesite. All of the other curves like- 
wise show melts as percentage of the magnesite rather 
than as percentage of CaO, Al,O;, and SiO:. 
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Fic. 7.—Progressive melting of the CaO, Al,O;, and 
SiO, components of nine experimental magnesite brick 
compositions. 


The melting characteristics of the particular mix- 
tures of CaO, Al,O;, and SiO, in these nine magnesites 
fall into two natural groups. The more refractory 
group, D, N, O, and M, is more tardy in its initial 
melting, and it develops less liquid. Within the re- 
maining group, which develops more melt and at lower 
temperatures, magnesite A stands out by itself. The 
CaO, Al,O;, and SiO, contents in this particular mag- 
nesite are practically of eutectic proportions and melt 
almost completely at 1316°C. 

Before facing the question as to whether there is any 
relationship between the behavior of the magnesites 
and these equilibrium melting data, the importance 
of a fourth constituent, MgO, needs to be considered. 
The melt in a magnesia product obviously will always 
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Fic. 8.—Liquid developed in magnesite brick composi- 
tions due to CaO, Al,O;, SiO., and MgO. 
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be saturated with MgO, and the amount of liquid will 
thereby be increased. The exact amount of this in- 
crease could be determined only if the quarternary 
system CaOQ-MgO-Al,0;-SiO, were available and 
understood. In its absence, it is still possible to make 
a rough approximation based on the ternary system 
MgO-CaO-SiO,." For lime-silica liquids in the range 
found in these magnesites, saturation with MgO takes 
place only after small percentages of MgO have been 
absorbed. Most of these liquids would become satu- 
rated with MgO after dissolving only such small 
amounts as would increase the amount of liquid about 
5 to 9% for each 100°C. rise in temperature. 

Following this conclusion, the curves of Fig. 7 may be 
extended as shown in Fig. 8. These curves give the 
best approximation, based on phase-equilibrium data, 
of the amount of liquid formed in each of nine magne- 
sites. The true amounts resulting from other impuri- 
ties should be only slightly higher. 

Brick, made from 100% of each of these magnesites, 
were fired at the same time in a works kiln during 
the course of this study. When they were tested under 
a load of 25 Ib. per sq. in., they stood up to the tempera- 
tures indicated by the values on the curves of Fig. 8. 
A fairly close but not infallible correlation with the 
equilibrium data may be noted. The four slow-soften- 
ing magnesites, as a group, withstood the load of 25 lb. 
per sq. in. to an average of 1500°C., whereas the group 


1! J. B. Ferguson and H. E. Merwin, ‘Ternary System 
CaO—-MgO-SiO,,’’ Amer. Jour. Sci., [4] 48 [284] 81-123 
(1919); for later revisions see F. P. Hall and H. Insley, 
Jour. Amer. Ceram. Soc., 16 [10] 520 (1933) 


Fic. 9.—A typical group of periclase particles in a 
grain of dead-burned magnesite; 220. 
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of magnesites, which theoretically would develop more 
melt and at lower melting temperatures, failed at an 
average of 1390°C. The fact that brand N failed to 
withstand the temperature which might have been 
predicted for it probably indicates the importance of 
such physical factors as crystal size and grain size. 

Brick made of magnesite A, which for the purposes 
of this paper are the most interesting of all, cracked 
badly in firing and unfortunately were not suitable for 
the load tests. 

A discussion of other data obtained in testing these 
magnesites will not be given here, but the correlation 
between the equilibrium data and shrinkage charac- 
teristics, is of the same order as that for the load-test 
behavior. 

Referring again to Fig. 8, it is highly significant that 
the magnesite brick were unable to support a load of 
25 Ib. per sq. in. even when their theoretical liquid 
content had not reached 10%. By contrast, the fore- 
going data have shown that silica brick probably can 
support this load until about 30% of liquid is present. 
This difference has been recognized to be the result of 
the lack of intercrystallization of periclase crystals and 
of the low viscosity of the liquid present in magnesites. 
Fisk and McCaughey*® have pointed out that a charac- 
teristic of periclase grains is to maintain a small crystal 
size and to refrain from growing, particularly when they 
are associated with lime silicates. 

Figure 9 shows a tvpical group of periclase particles 
in a grain of dead-burned magnesite. It is rather easy 
to conceive that these particles wouid readily slide over 
one another if a proper lubricant were provided. Such 
a lubricant apparently is present in the ordinary grain 
magnesite. The pyroplastic nature of magnesia grains 
is recognized as enhancing their use in maintaining 
monolithic bottoms. 


IV. Dolomite Refractories 

A discussion of the crystalline phases present in 
basic refractories has been reserved for this section 
pertaining to dolomite refractories. Figure 6 shows 
that the ratios of CaO, Al,O;, and SiO, in magnesites 
range widely. The cooled products, as a group, could 
contain the four calcium silicates as well as six other 
crystalline compounds which appear in the system. 
One compound of great interest is calcium ortho- 
silicate or dicalcium silicate (2CaO-SiO,). The dis- 
covery that this compound has three allotropic forms 
and that the low-temperature or gamma form may 
develop almost explosively from the beta form has 
served to explain many seemingly separate phenomena. 

It will be evident that one of the principal contribu- 
tions of equilibrium data is that of bringing order out 
of chaos. For example, it is discovered that a dical- 
cium-silicate inversion accompanied by a 10% volume 
expansion happens spontaneously, and then before long 
it is found that this not only explains the behavior 
of some electric furnace slags and Portland cement 
clinker but that many attempts to produce a stable 
dolomite brick had failed not by hydration but by 
dusting which was traceable to this inversion. 

The more important dolomite refractory is the com- 
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mercial clinker used principally for maintenance of 
furnace hearths. This refractory grain is produced 
generally by hard-firing a batch to which iron oxide is 
the major foreign addition. The lime freed from the 
dolomite when the CO, is driven off is adequately 
stabilized for use as a patching material, but it is not 
permanently stabilized against exposure to weather. 

An essentially permanent stabilization of the lime is 
needed if the dolomite is to be used in brick. Before 
the problem was fully understood, it was thought that 
some small addition of a mineralizer to dolomite might 
convert it on firing to a product equal in stability to 
dead-burned magnesite. However, where real progress 
has been made in dead-burning dolomite, it has been 
accomplished by converting the lime to a stable silicate. 
Only two of the lime silicates, tricalcium silicate 
(3CaO-SiO,) and dicalcium silicate (2CaO-SiO,), have 
adequate refractoriness. Neither melts below 2000°C. 
Tricalcium silicate might react with normal slags of 
higher silica content to ferm dicalcium silicate. Tri- 
calcium silicate, as a matter of fact, is not stable at its 
melting point but breaks down at 1900°C. to form 
dicalcium silicate and free lime; a similar breakdown 
may occur at 1000° to 1300°C. 

A number of persons who have worked with the 
dolomite stabilizing problem have concluded that the 
conversion of the lime to dicalcium silicate is the most 
feasible means of solving the problem. Other equally 
satisfactory solutions may be developed. The destruc- 
tive dusting of dicalcium silicate previously mentioned 
is prevented by small additions of Cr,O;, B,O;,"* P.O;, 
or other stabilizers. 

It is interesting to note what occurs when two mate- 
rials are brought together in such proportions that the 
resultant mixture will contain unstabilized dicalcium 
silicate. This may be shown by relating observations 
based on experience obtained in combining a high lime 
and a low lime magnesite. As shown in Fig. 10, the 
lime, alumina, and silica contents of the two rocks 
were located at points W and U. Many combinations 
of these two compositions theoretically would contain 
dicalcium silicate if first melted and then cooled to 
equilibrium. The percentage of this normally dis- 
integrating silicate for any given blend of W and U is 
shown by the left-hand projection. The range in 
which dicalcium silicate appears contains approximately 
37 to 74% of W and 63 to 26% of U. The higher 
curve in the projected diagram represents the percent- 
age of 2CaO-SiO, relative to the total of CaO, Al,Os,, 
and SiO, in the rock mixtures. The lower curve ex- 
presses the percentage of 2CaO-SiO, relative to the 
entire rock composition. 

Eight mixes of the two grades of rock were ground 
and formed into test pieces. When these were fired 
to 1570°C. and cooled in a laboratory kiln, the mixes, 
A and E, were completely dusted; mix S was almost 
completely dusted; and mix Y showed dusting in a 
small spot. None of the other mixes, however, showed 

12 P. H. Bates and A. A. Klein, “Properties of Calcium 
Silicates and Calcium Aluminate Occurring in Normal 
Portland Cement,” Bur. Stand. Tech. Paper, No. 78, 
38 pp. (1917). 
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any dusting. It was considered that the correlation 
between phase-equilibrium data and experience was 
so excellent that the laboratory work could have been 
dispensed with. 


V. Chrome and Forsterite Refractories 

Two examples of phase-equilibrium application are 
too familiar to require more than mentioning. The 
conversion of highly siliceous magnesium silicates in 
chrome ore to the more refractory compound, forsterite, 
2MgO-SiO:z, required an addition of fine MgO and 
suitable heat treatment. A similar process led to the 
development of refractories composed almost entirely 
of forsterite. In all such development work phase- 
equilibrium data give direction to the research program 
and save time which otherwise would be spent in aimless 
hunting. 

Chrome ores consist of silicates and an exceedingly 
refractory spinel grain. By modifying the silicates and 
largely disregarding the spinel, some highly improved 
chrome refractories have been produced. However, it 
is now known that the spinel grain is too important 
to disregard. It is true that each of the constituent 


148 R. E. Birch and F. A. Harvey, ‘‘Forsterite and Other 
Magnesium Silicates as Refractories,’’ Jour. Amer. Ceram. 
Soc., 18 [6] 176-92 (1935). 
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spinels is so refractory that melting should not occur 
within the range of furnace temperatures, but melting 
is not the only phase change which shortens refractory 
life. Hugill and Green™ show in Fig. 11 that the 
chrome-magnesite refractories, which have been used 
in basic furnaces abroad, fail because of growth re- 
sulting from the absorption of iron oxide. Chesters 
and Lynam" have used the term “bursting” to de- 
scribe this effect, which is a growth of the spinel grain 
and is not concerned with the silicate impurities except 
to the extent that the latter may form a partial pro- 
tection. This phenomenon is easily demonstrated in 
the laboratory. Figure 12 shows a hard-fired chrome- 
magnesite brick that contains two slag pockets. The 
pocket on the right was filled with roll scale and that 
on the left with steel filings and the brick was then 
heated to 1600°C. for five hours. The absorption of 
the iron oxide expanded and split the brick. This ex- 
periment was repeated with brick made from 100% 


14 W. Hugill and A. T. Green, ‘“‘Some Factors Influencing 
Durability of Chrome-Magnesite Brick in Basic Open- 
Hearth Steel-Making Furnaces,” Refrac. Jour., 14 [10] 
551-63 (1938); Trans. Ceram. Soc. [England], 37 [7] 
279-95 (1938); Ceram. Abs., 22 [2] 51 (1939). 

% J. H. Chesters and T. R. Lynam, ‘‘Chrome-Magnesite 
Brick for Open-Hearth Furnaces,’’ Jour. Amer. Ceram. 
Soc., 22 [4] 97-104 (1939). 
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Fic. 11.—View of interior of British basic open-hearth 
furnace showing condition of brickwork; lower right- 
hand portion is chrome-magnesite brick.'* 


Fic. 12.—Bursting of a chrome-magnesite brick re- 
heated to 1600°C. with steel filings in the left-hand 
pocket and with roll scale in the right-hand pocket 


of each of seven different chrome ores. The brick ex- 
panded and cracked in each instance due to the action 
of the iron oxide. We may calculate from analyses 
by known methods that the chrome spinels had the 
compositions indicated by Fig. 13; that is, the chrome 
grain contains magnesium spinel (MgO- Al,O;), chrom- 
ite (FeO -Cr,O;), and magnesium chromite (MgO -Cr,O;) 
in the ratios indicated by the seven dots. The nu- 
merical data show the percentage of linear expansion 
across the slag cup in the iron oxide test made on 
chrome brick of the seven types. It will be noted 
that the expansion was high for compositions on both 
ends of the range. However, as a matter of phase 
equilibrium research, the study is only a small begin 
ning. 


Vi. Alumina-Silica Refractories 

The work by Bowen and Greig on the alumina-silica 
system’ has had a more profound influence on the re- 
fractories industry than any other single research 
project. The primary result was to produce orderli- 
ness in our conception of these most common refractory 
oxides. The general picture concerning the refractori- 
ness of fire-clay brick had already been established. It 
was known, for example, that a brick with 30% of 
alumina showed a higher P.C.E. than one with 20% 
of alumina and that one with 40% of alumina was even 
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more refractory. It was not known, however, that all 
alumina-silica mixtures with alumina up to 72% were 
inherently similar, differing only in degree. Each 
composition that contained less than 72% of alumina 
was found to show an initial melting at the same low 
temperature of 1549°C. On heating any composition 
having 5.5 to 72% of alumina above this temperature, 
mullite would be the only stable crystal. 

Before the work of Bowen and Greig, the situation 
was confused. Alumina and silica were known to exist 
in nature as the mineral, sillimanite, Al,O;-SiO,. It 
was therefore only natural to expect to find this com- 
pound in fired alumina-silica refractories. To add to 
the confusion, the optical and crystallographic proper- 
ties of sillimanite and mullite are similar. For these 
reasons, the occurrence of sillimanite in fire-clay re- 
fractories was considered established, and Bowen and 
Greig’s announcement before the Refractories Division 
in 1924 that sillimanite could not at normal pressures 
be made to crystallize from combinations of alumina 
and silica was little short of revolutionary. Their work 
showed that the mineral mullite, in which three mole- 
cules of alumina are combined with two of silica, is the 
only compound of alumina and silica that is stable at 
high temperatures. 


MeO. Cr203 


MgO. Alz Os 


Fic. 13.—Composition of chromite grains in refrac- 
tory-grade chrome ores and their relative expansion 
caused by iron-oxide absorption at 1600°C. 


In the last fifteen years, development in alumina- 
silica refractories has been guided to an appreciable 
extent by the phase-equilibrium data for this system. 
The high-alumina brands of the refractories industry 
date from the early twenties. There has been a great 
growth in the use of diaspore, the sillimanite group of 
minerals, and also of fused alumina. 

To avoid an overemphasis of this subject, it should 
be pointed out that phase-equilibrium data have had 
only a minor part in some of the major developments 
in alumina-silica refractories. The important advance 
which produced superduty fire-clay brick in the last 
decade was based on purely physical studies. The 
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chemical composition of these brick would not suggest 
their unique properties. Refractoriness, of course, is 
only one essential property of a firebrick; very great 
alterations may be made in such physical properties as 
spalling resistance without altering the chemical com- 
position. 

Phase-equilibrium considerations have played a part 
in the development of nonshrinking 60% alumina re- 
fractories from diaspore. Experience shows, however, 
that it is faulty reasoning to consider that the several 
constituents of a refractory must be in equilibrium with 
each other. The refractories art has been greatly ad- 
vanced by developments which ignore this old idea. 
It is frequently best to imbed large grains of one 
material in a matrix of other vitally different com- 
ponents and to depend on this inhomogeneity for an 
enduring physical stability. 


Vil. Summary 


The foregoing comments have dealt only with that 
field of phase-rule application that is related to the 
manufacturing step in the refractories industry. This 
concerns only the self-contained elements which com- 
prise the refractory compositions. A second and 
equally important field concerns the behavior of re- 
fractories when foreign substances contact them, as in 
a slagging situation. 

With ideal conditions, equilibrium data can be used 
to predict which type of refractory will be best to 
resist the corrosive action of a given slag. Such pre- 
dictions, however, frequently fail, and even when it is 
observed that one refractory resists a slag better than 
another, it is often impossible to explain why this 
should be so. 

In prior times, when refractories were classified 
simply and hopefully as acidic, basic, or neutral, at- 
tempts to apply this simple classification to explain 
refractories service met many stumbling blocks. 
Why, for example, should silica, the most acidic of 
refractories, generally excel all other refractories in the 
roof of the basic open-hearth furnace? This is one 
puzzle that was solved by equilibrium data. Phase- 
rule methods, however, do not seem to explain why 
forsterite refractories should perform so well in the 
presence of the high lime content of dolomites and 
cement clinker in rotary kilns. Nor do phase-rule 
data show why it is that high-alumina refractories show 
so marked a superiority over fire-clay brick in these 
rotary kiln services. Laboratory tests have shown that 
a relationship exists between the alumina content of 
alumina-silica refractories and the temperature at 
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which Portland cement clinker begins to be corrosive 
but attempts to explain this relationship by available 
equilibrium data have been unsuccessful. In studies 
on the slagging of boiler-furnace refractories by coal 
ash, there has likewise been little success in applying 
phase-equilibrium data. Physical factors, such as 
viscosity and the diffusion of slag into the refractory, 
may vary independently of the chemical composition. 
Slags of low viscosity are highly erosive because they 
flow rapidly over the refractory and because they 
establish so thin a film that the slag is continuously 
replenished at the brick surface. Thin slags also pene- 
trate readily into the pores of the refractory. The 
correlation of viscosity and phase-equilibrium data as 
an approach to service predictions for refractories may 
seem to be hopelessly complicated, but progress is 
being made in that direction."* There is a primary 
need for reliable viscosity data relating to the common 
slags. 

As another need, the lack of test data to support 
theories concerning the liquid phase in refractories 
should be cited. This problem has been discussed, 
and methods have been suggested for such a study. 
It could be attacked intelligently if the necessary facili- 
ties and resources were available for this type of study. 
One method considered is the separation of the liquid 
formed in a given refractory at a given temperature. 
After its analysis has been obtained, it could be syn- 
thesized for study. By similar separation and study 
of the liquids present at higher temperatures, the course 
of progressive solution could be discovered. Steps 
could be taken eventually to learn in what aspects the 
refractory could be modified by changes in its glass 
phase. The results of such a program of work would 
permit the use of factual data to eliminate much trial 
and error. 


Note 

Throughout the text and in all drawings except Fig. 1, 
the temperatures taken from the papers of the Geophysi- 
cal Laboratory are revised in accordance with the large- 
scale ‘‘Composition-Temperature Phase Equilibrium Dia- 
grams,’’ revised and redrawn by Robert B. Sosman and 
Olaf Andersen and published October, 1933, by the Re- 
search Laboratory, United States Steel Corporation, 
Kearny, N. J. 
RESEARCH DEPARTMENT 
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%K. Endell, R. Fehling, and R. Kley, ‘Influence of 
Fluidity, Hydrodynamic Characteristics, and Solvent 
Action of Slag on Destruction of Refractories at High 
Temperatures,’ Jour. Amer. Ceram. Soc., 22 [4] 105-16 
(1939). 
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PLASTIC AND DRYING PROPERTIES OF CERTAIN CLAYS AS 
INFLUENCED BY. ELECTROLYTE CONTENT* 


By E. C. Henry aAnp A. C. SIEFERT 


ABSTRACT 


Electrodialyzed samples of several clays were saturated at pH 7 with various cations, 
and measurements were made to determine the effect of these cations on the workability 


and drying behavior of the clays. 


Excellent correlations were noted between the in- 


fluence of these ions on clays in the plastic state and their behavior in causing flocculation 
or deflocculation of dilute suspensions of clay. The results should be valuable for such 
industrial forming processes as throwing, jiggering, hot pressing, and extruding. 


|. Introduction 

It has been recognized for many years that the 
workability, or ‘‘plasticity,’’ and the drying behavior 
of a clay may be influenced greatly by its electrolyte 
content. The conclusions in early investigations, 
however, were often contradictory because the tests 
were made on such a wide variety of clays saturated 
in different degrees with various ions and because the 
observers used different standards to evaluate the 
properties being studied. Acids, bases, and salts have 
thus been found' to modify the properties of unfired 
clays. The effects of various cations on the workability 
and drying behavior of certain whiteware clays were 
studied, and this report is largely a summary of the 
work of several students under the direction of the 
senior author. 

To observe the effect of any given ion, the assorted 
“‘adsorbed”’ ions present in the clay, as received, must 
first be removed because these ions might mask the 
results. This may be accomplished (among other 
methods) by electrodialysis.? An aqueous suspension 
of clay is placed between two parchment membranes 
in the center of a three-compartment cell. The pores 
of the membranes will pass the ions of the clay, but they 
are impermeable to clay particles. When a direct 
current is applied to electrodes in the outer compart- 
ments, the interfering ions are removed, leaving the 
clay saturated with H and OH ions. 

Clayst saturated with but a single cation, for 


* Presented at the Fortieth Annual Meeting, The 
American Ceramic Society, New Orleans, La., March 30, 
1938 (White Wares Division). Received March 22, 1941. 

(a) Hewitt Wilson, Ceramics-Clay Technology, pp. 
74, 1389. McGraw-Hill Book Company, New York, 1927. 
296 pp.; Ceram. Abs., 6 [11] 547 (1927). 

(6) E. C. Henry, ‘“‘Making Your Clays More Plastic,”’ 
Ceram. Age, 21 |2] 42-58 (1933); Ceram. Abs., 13 [2] 49 
(1934). 

(c) J. G. Phillips, ‘Improving the Properties of Clays 
and Shales,’’ Mines Branch, Dept. of Mines, Canada, 
Rept., No. 793, 39 pp. (1938); Ceram. Abs., 18 [6] 166 
(1939). 

2S. E. Mattson, “‘Electrodialysis of Colloidal Soil 
Material and Exchangeable Bases,’’ Jour. Agric. Research, 
33, 553-67 (1926). 

t The clays tested were (1) N. C. kaolin (of 1935, not 
Lunday), Harris Clay Co., Spruce Pine, N. C.; (2) Fla. 
clay (E PK), Edgar Brothers Co., Metuchen, N. J.; 
(3) Ga. china clay (Cherokee, 1940), R. T. Vanderbilt 
Co., New York, N. Y.; (4) Tenn. ball clay No. 7, Ken- 
tucky-Tennessee Clay Co., Mayfield, Ky. 
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example, Ca, Na, or K, were prepared by adding a 
sufficient amount of the desired cation as its hydroxide 
or carbonate to replace the H of the electrodialyzed 
clay as shown by equation (1). 


H-clay-OH + NaOH = Na-clay-OH + H,0. (1) 


ll. Workability 

A numerical value for the workability of a plastic 
clay or body would be convenient to control many 
industrial forming processes, including throwing, 
jiggering, hot pressing, aud extruding. In order to 
compare various clays (raw or made up in bodies) for 
finding satisfactory substitutes for certain clays or for 
studying the effects of aging, deairing, grain size, and 
electrolyte content, a more precise means of measure- 
ment is needed than to rely on personal judgment 
or on the determination of the percentage of water of 
plasticity. Of the various types of apparatus available 
for determining workability, the Gareis-Endell* body 
tester seemed to offer the advantage of simplicity and 
to give results that may be interpreted easily by the 
man in the plant. 

Figure 1 shows the Gareis-Endell tester, as modified 
in this laboratory. It consists essentially of two disks 
(1 and 2) between which a cylinder of clay or ceramic 
body may be squeezed. The upper disk is rotated at 
108 r.p.m. by a */9 h.p. motor. The lower disk is 
raised by a drum (3) which, mounted on a screw 
thread, pushes upward against a sleeve (4) and 
calibrated spring (5) when a cable is unwound from 
this drum to another motor-driven drum (not shown). 
The cable is unwound at such a rate that the drum 
(3) is moved upward '/, inch a minute. If the disk 
(2) does not rise at the same rate because of the re- 
sistance offered by the test piece, the difference repre- 
sents compression ~f the spring and, therefore, the 
application of a known force. The movement of the 
disk (2) is amplified and recorded on a sheet of paper 
on the revolving drum (6), which makes | revolution 
in 5 minutes. 

The test cylinder is placed between the disks with 
the upper disk lightly oiled on the surface; the motors 
are started; a curve is traced on the paper wound 


*K. Endell, H. Fendius, and U. Hofman, “Base Ex- 
changeability of Clays and Forming Problems in Ceram- 
ics,” Ber. deut. keram. Ges., 15 [12] 595-625 (1934); 
Ceram. Abs., 14 [6] 149 (1935). 
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on the drum (6). The amount of force being applied 
by the spring is thus recorded continuously as well as 
the resulting deformation of the test piece. The prod- 
uct of force, in pounds, and of deformation, in inches, 
at the point at which the rupture of the surface of the 
test piece is first observed, is considered to be the 
“workability” of the test piece. 


6 
2 
21° 
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Fic. 1.—Modified Gareis-Endell body tester. 


(1) Results 

Measurements of the workability of Florida kaolin‘ 
and Tennessee ball clay® are given in Figs. 2 and 3. 
Test pieces of the kaolin were cut out of plastic clay; 
the material for the latter was deaired and extruded 
through a circular die. The Florida clay was satu- 
rated with hydroxides, whereas the Tennessee clay was 
saturated with the carbonate of the cation concerned. 
Despite these differences in treatment, the following 
relations seemed to result. 

(1) The workability changed with water content 
and reached a maximum at some optimum value. The 
relation between (a) the amount of water producing 
maximum workability as this machine determines it, 
(b) the percentage of water of plasticity for hand 
molding, and (c) the water content at which satis- 
factory test bars could be extruded through a die, 1 
in. square, are tabulated as follows (the clays tested 
were not electrodialyzed): (a) water content at which 
maximum workability was developed, Fla. kaolin, 
48% and Tenn. ball clay, 33%; (6) water of plasticity, 
Fla. kaolin, 35% and Tenn. ball clay, 32%; and 
(c) water for extrusion, Fla. kaolin, 50% and Tenn. 
ball clay, 44%. 

4M. A. Fay, “Some Effects of Adsorbed Ions on Work- 
ability of Clay.’’ Thesis for the degree of Bachelor of 
Science, Pennsylvania State College, May, 1937. 

5 A. C. Siefert, “Effect of Various Cations on Worka- 
bility of Clay Measured With Improved Apparatus.” 
Thesis for the degree of Master of Science, Pennsylvania 
State College, August, 1939. 
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(2) The Tennessee ball clay was more than twice 
as workable as the Florida kaolin. 

(3) The water content of maximum workability, 
under a given set of conditions, was lower for the 
Tennessee ball clay than for the Florida kaolin. 

(4) Calcium clays were the least workable of those 
tested. Too few measurements were made to show 
definitely the effect of sodium aside from lowering the 
water content of maximum workability. The Na 
Florida clay was more workable than the untreated or 
the electrodialyzed samples, whereas the Na Tennessee 
ball clay seemed to be somewhat less workable than the 
same clay untreated or saturated with hydrogen. 


(—Unireated aH 
‘ Fia. kaolin 
\ 
\ 
3 8 
S 
Q 
~ 
28 36 52 60 


44 
Woter (% dry basis) 


Fic. 2.—Workability curves of Florida kaolin and Ten- 
nessee ball clay saturated with various cations. 
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Fic. 3.—Effect of various amounts of NaOH on relation 
between water content and workability of Florida kaolin. 


lll. Drying Behavior 


Drying shrinkage determinations were made on an 
apparatus described by Norton,® using hollow cylin- 
drical samples of plastic clay approximately 1 in. in 
diameter and 3 in. high. The following results,’ shown 
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*F. H. Norton, “Notes on the Nature of Clay, II,” 
Jour. Amer. Ceram. Soc., 16 [2] 86-92 (1933). 

7R. A. Munro, “Effect of Certain Cations on Drying 
and Shrinkage of Clay.’’ Thesis for the degree of Bachelor 
of Science, Pennsylvania State College, June, 1936. 
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in Figs. 4 and 5, were noted: (1) The hydrogen clay 
lost water faster and shrank faster, under equal condi- 
tions of temperature and humidity, than the sodium 
clay. (2) Shrinkage, caused by the removal of the 
same amount of shrinkage water, was roughly the 
same for a given clay regardless of the cation with which 
it was treated. A family of nearly parallel curves was 
obtained for the North Carolina kaolin (Fig. 5), show- 
ing progressively less pore water as the clay was 
saturated, respectively, with H, Ca, K, and Na. The 
slope evidently is characteristic of each clay, perhaps 
being a reflection of such variables as the particle-size 
distribution of the clay, the amount of organic matter, 
and the minerals of which the clay is composed. (3) 
The effect of the addition of cations was greater in the 
North Carolina clay than in the Tennessee ball clay, 
according to the greater spread between the H and Na 
curves in the former. 
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Fic. 4.—Comparison of rates of shrinkage and water loss 
of Tennessee ball clay saturated with hydrogen and with 
sodium. 


(1) Effect of Amount of Alkali 

The flocculating effect of an excess of deflocculant is 
shown in Fig. 6. The apparent viscosity of a suspen- 
sion of Georgia kaolin, measured with a Stormer vis- 
cosimeter, went through a minimum on the addition of 
10 m.e. of sodium carbonate per 100 gm. of clay, but 
larger quantities caused the viscosity to rise again. 
Figure 7 shows a similar influence of these amounts of 
sodium on the drying behavior of the same clay made 
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Fic. 5 —Comparison of relations between water content 
and linear shrinkage of clays saturated with various 
cations, 
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Fic. 6.—Apparent viscosity of Georgia kaolin, 80 gm 
in 100 cc. of liquid, measured with a Stormer viscosimeter 
actuating load, 250 gm. 


into cylinders. The pore-water interval, which was 
shortest when the amount of sodium carbonate present 
was the same as an amount that would produce maxi- 
mum deflocculation, increased in a manner parallel 
to the increase in viscosity when the sodium content 
was exceeded. The porosity of test pieces, which 
were dried at 110°C. and measured independently, 
changed in like manner (Table I). 


TABLE I 
Condition Na:CO; Pore Dry 
(m.e.) water (%) porosity (%) 
1 0 16 39.4 
2 10 6 31.2 
3 20 14 33.4 
4 40 18 34.0 
5 60 21 35.1 
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Fic. 7.—Shrinkage and pore-water curves for Georgia 
kaolin, showing influence of treatment with various 
amounts of Na;COs. 


(2) Effect of Hydration 


Figure 8 shows the dependence of the amount of 
drying shrinkage that occurred, due to the vaporiza- 
tion of a definite amount of liquid, on the type of liquid 
with which the clay was tempered. Curve No. 1 
represents the relation between shrinkage and water 
loss of electrodialyzed Georgia kaolin; curve No. 2 
was obtained when the clay was tempered with a dry- 
cleaning fluid with a density of 0.698 (chiefly gasoline), 
which was tested and found to be free of water; No. 3 
is the curve that would have resulted if the fluid used 
had been of the same density as water, and it is there- 
fore the curve that the water probably would have 
given if the attractive forces between the clay and water 
were as low as those between the clay and gasoline. 

The amount of liquid to be driven off in order to 
cause 1% of linear shrinkage (from 1.5 to 0.5% above 
dry length) may be read from these curves. For 100 
gm. of dry body, the specified shrinkage would result 
from the removal of 2.5 gm. of water or 5.2 gm. of gaso- 
line, but because of its lower density, the volume of 
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Fic. 8.—Drying curves of Georgia kaolin tempered with 
(1) water and (2) gasoline; curve (3) represents curve (2) 
calculated on the basis of a liquid having the density of 
water. 
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gasoline so removed would have been equivalent to 
7.5 gm. of water. 


IV. Discussion of Results 

These results, which were obtained by investigating 
clays in the plastic state, may be explained on the 
basis of the hydration of the clay particles involved 
in the effect being measured, and they show excellent 
correlation with the base-exchange, flocculation, and 
deflocculation relations previously studied in dilute 
suspensions. 


(1) Workability 

The reduction in the water required for maximum 
workability from 50% for H Florida clay to 40% for 
Na Florida clay is analogous to the reduction in the 
viscosity of a suspension of H clay by deflocculation 
with NaOH. Electrodialysis would be expected to 
increase the flocculation of a natural clay, and this is 
reflected in the increased water requirements of the H 
clays over the untreated clay samples (shown in Fig. 
2). The addition of more than enough NaOH to 
saturate the clay (Fig. 3) would not be expected to 
reduce materially the water content of maximum 
workability on the basis of previous theory. The 
addition of one half the quantity of NaOH required 
for saturation reduced the water content of the worka- 
bility peak 3%, that is, to 47% as compared with the H 
clay peak at 50%. The saturation quantity reduced 
the peak 10% from the H clay maximum, that is, to 
40% of H,O, whereas when the amount of NaOH was 
doubled only 1.5% further change was produced. A 
sufficient excess of NaOH, because of flocculation, 
would probably reverse the situation and increase the 
water requirement considerably. 


(2) Drying 

Further correlations between suspension and plastic 
state are shown in Fig. 4. It is generally agreed that 
flocculated clays should dry faster than deflocculated 
clays because the channels for water removal are larger 
and the total porosity is greater in the flocculated 
condition. The relative positions of the cations in 
producing dense dried structure are indicated in Fig. 5, 
in which the pore-water stage in the drying of North 
Carolina kaolin is reduced progressively in the direc- 
tion H, Ca, K, and Na. The same relative positions 
are found for the workability curves in Fig. 2. 

Figures 6 and 7 and Table I show the agreement 
between suspension, plastic state, and the structure in 
the dry state. The amount of Na,CO; found to give 
minimum viscosity in a series of suspensions containing 
80 gm. of clay in 100 cc. of liquid was likewise the 
amount that caused the shortest pore-water interval 
in drying a number of plastic clay cylinders as well as 
the amount that produced the lowest dry porosity in 
a series of clay test bars. Two, four, and six times the 
optimum amount of deflocculant constituted an excess 

8’ E. C. Henry and N. W. Taylor, “Acid- and Base- 
Binding Capacities and Viscosity Relations in Certain 
Whiteware Clays,’’ Jour. Amer. Ceram. Soc., 21 [5] 165- 
75 (1938). 
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which, by reflocculation, raised the viscosity, pore 
water, and dry porosity. 

The fact that during the pore-water stage of drying 
clay test pieces may attain a size smaller than when 
they are bone dry is undoubtedly a manifestation. of 
the strong hydration of clay particles in the presence 
of water; this is also shown in heat of wetting, 
hygroscopicity, and similar effects. As the last thin 
films of water are driven from between the clay particles 
of a drying test piece, the forces that were pulling the 
particles together apparently are removed, and the clay 
flakes undergo a slight relaxation which brings them to 
their final positions and expands the test piece to its 
final dimensions. 


V. Practical Applications 

The results of these experiments indicate several 
general principles for the industrial control of the 
plastic and drying properties of clays and clay bodies. 
More uniform products, improved quality, or fewer 
losses during jiggering, pressing, extruding, and drying 
may be the result of more exact control. 

It seems safe to state that any reagent that is capable 
of deflocculating a clay in suspension would be expected 
to have a similar effect on clay in the plastic state and 
would tend (a) to decrease the water content at which 
a given workability and consistency could be obtained 
although the relation of yield value and mobility might 
be changed, (5) to cause the clay to dry more slowly, 
(c) to shorten the pore-water stage of drying (the total 
amount of shrinkage might be less because the ware 
would be molded and would start drying with a smaller 
quantity of water), and (d) to cause the ware to dry 
to a denser structure with greater dry strength. The 
effect of a flocculant would be in the opposite direction. 

It is occasionally overlooked in plastic work that 
although a given reagent may act as a deflocculant 
when it is introduced in small quantities, an excess 
of the same material will have a flocculating effect just 
as it does in casting slips and in enamel and glaze 
suspensions. Some clays are not reflocculated by 
large additions of deflocculant whereas others seem 
to be very sensitive. The total base-exchange ca- 
pacity and the degree of saturation when the clays are 
mined or after they are washed, as the case may be, 
influence the behavior of a clay in this respect. 

Numerous investigators have studied the effect of 
flocculants and deflocculants on clays and shales 
(summarized by Phillips’), but the nature of most 
of the work has been qualitative. Two examples of 
the effect on working and drying properties are given 
to show the manner in which information of the type 
presented here may be applied to the explanation of 
the results obtained by earlier investigators. 


(1) Working Properties 
In reporting the influence of sodium carbonate on 
stiff-mud clays, Barker and Truog® stated that the 
treated clay was more plastic than the untreated clay, 
*G. J. Barker and Emil Truog, “Improvement of Stiff- 


Mud Clays Through pH Control,"’ Jour. Amer. Ceram. 
Soc., 21 [91 324-29 (1938). 
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that less mixing water was usually required to give the 
desired plasticity, and that the dried, treated ware 
was less pervious to water. Many of the clays tested 
probably contained soluble calcium, and the chief 
effect of the added chemical was to change the Ca clay 
to Na clay. According to Fig. 2, Na clay was more 
plastic (and at a lower water content) than Ca clay, and 
there are indications in Fig. 5 that iva clay would be 
less porous than Ca clay. Practically the same results 
would probably be obtained by the use of any soluble 
sodium salt whose anion would remove calcium ions 
from solution. McDowell'® suggested the use of 
sodium silicate for this purpose. The reaction, Ca-- 
clay + Nat — Na-clay + Cat*, does not proceed 
easily by simple base exchange because calcium ions 
are held more firmly by the clay than are sodium ions. 
Sodium hydroxide alone, therefore, would not be par- 
ticularly effective in the treatment of clays saturated 
with calcium. 


(2) Drying Properties 

The use of flocculants to correct the cracking, warp- 
ing, and similar defects in the drying of excessively 
sticky clays has been known for many years. Staley" 
has stated (1) that salts, in general, which cause 
deflocculation of the colloidal clay particles tend to 
produce a dense structure, unfavorable to capillary 
action so that the surface may lose its water far ahead 
of the interior, and (2) that the reduction of drying 
cracks by flocculants is due to the production of a 
more porous structure favoring better movement of 
water to the surface. 

The apparatus used in the present tests seems to 
offer a convenient method to determine whether or not 
the drying of a given clay would be aided by the addi- 
tion of a certain reagent, and it might be employed to 
indicate the optimum amount to be added. 


Vi. Summary 


Electrodialyzed samples of several clays were satu- 
rated at pH7 with various cations. Measurements 
were made to determine the effect of these cations on 
the workability and on the drying behavior of clays. 
Excellent correlations were noted between the influence 
of these ions on clays in the plastic state and their 
behavior in causing flocculation and deflocculation in 
dilute aqueous suspensions of clay. The results should 
be interesting if they are applied to such industrial 
forming processes as throwing, jiggering, hot pressing, 
and extruding. 
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PARTICLE-SIZE DISTRIBUTION OF GLAZES* 


By J. H. Koenic anp F. C. HENDERSON 


ABSTRACT 


The particle-size distributions of experimental and commercial stains and glazes and 
glaze materials were determined by using the Andreasen pipette method. The variation 
in particle size of two porcelain glazes, raw and fritted, was correlated with the glaze 
working properties and certain physical properties of the glaze film, such as fluidity, 
microtexture, scratch-hardness, and glaze stress. The relation of grinding efficiency to 
length of milling time and different ball size was studied for these two glazes and also for 
a stain, and the color imparted by the stain at different grain sizes was noted. 


|. Introduction 


The literature on grinding and control of particle 
size in glaze slips has been reviewed by Parmelee,' and 
much data on fine grinding and consistency control have 
been obtained in the research studies on enamels.’ 
There has also been considerable work on the meas- 
urement of consistency of ceramic glaze slips,* but 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 1, 1941 
(White Wares Division). Received April 2, 1941. 
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little work has been done in correlating this property 
or other properties of the slip or of the fired glaze film 
with the measured particle-size distribution of the glaze 
slip. Various investigators have studied the relation 
of the extent of grinding to certain glaze defects,‘ and 
there are other references of interest on glaze prepara- 
tion and application® and, specifically, on ball-mill 
grinding.*® 
ll. Commercial Semivitreous China Glazes 

The particle-size distributions of glazes from five 
semivitreous dinnerware plamts were determined by 
using the Andreasen pipette method,’ and these data 
are given in Table I. Figure 1 shows the average par- 
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TABLE I 
PARTICLE-S1zZE DISTRIBUTION OF. SoME COMMERCIAL SEMIVITREOUS CHINA GLAZES 

Diameter 
>30 30-20 20-15 15-10 10-5 5-2 2-1 1-0.5 <0.5 

Glaze No. Weight (%) 
A 2.4 PP 8.5 14.8 25.5 21.1 7.7 6.8 6.0 
B 1.9 2.0 1.9 12.3 31.4 28.9 10.1 5.6 5.9 
= 2.2 2.2 4.1 12.3 30.7 22.0 9.8 6.6 10.1 
D 0.7 2.8 2.3 10.5 33.8 30.5 9.0 4.1 6.3 
E 0.3 1.9 2.0 11.5 24.7 22.3 18.4 7.0 11.9 


ticle size of these glazes for different distribution inter- 
vals and for the maximum and minimum values for 
these intervals. 

The lead used in semivitreous glazes in plant opera- 
tion should be in an insoluble form. The relation of the 
acid resistance of a lead frit powder to particle size is 
shown in Table II for four commercial frits for two 


40 
~ 
x 
20 


>20 20-15 15-10 10-5 5-2 2-1 1-05 
Diameter (4) 


Fic. 1.—Particle-size distributions of five commercial 
semivitreous china glazes. 


TABLE II 


SoLuBILITY CHARACTERISTICS OF COMMERCIAL LEAD Frits 
vs. ParRTICLE Size (PERCENTAGE OF DISSOLVED)* 


Mesh 
Lead in frit 14-20 
Frit No. (%) (%) (%) 

1 73.15 28 . 52 91.36 

2 45.00 12.51 59.49 

3 31.56 12.96 54.53 

4 40.20 1.82 8.56 

2 PbO-SiO, 81.82 65.58 96.01 
PbO - SiO, 73.15 28. 52 50.35 
PbO -2 SiO, 60.02 1.47 9.67 


* The frit or glaze was subjected to the action of 4% of 
acetic acid and the dissolved lead was determined by the 
molybdate method; see ‘‘Lead Frits and Fritted Glazes,”’ 
Ohio State Univ. Expt. Sta. Bull., No. 95, p. 13 (July, 1937). 


urements of Kaolins and Clays,”’ Ber. deut. keram. Ges., 14 
[7] 259-79 (1933); Ceram. Abs., 12 [12] 434 (1933). 

(c) G. A. Loomis, “Grain-Size of Whiteware Clays as 
Determined by the Andreasen Pipette,” Jour. Amer. 
Ceram. Soc., 21 [11] 393-99 (1938). 


(1941) 


average particle sizes. The rapid increase in lead solu- 
bility with decreasing particle size, moreover, em- 
phasizes the necessity of reducing the size only within 
the necessary minimum in practice. The high solu- 
bility of a particle that is submicroscopic in character or, 
as in the case of a dust, in which the harmful and buoy- 
ant portion is 1 or 2 u may be readily speculated. 

The amount of extreme fines in commercial semi- 
vitreous glazes is shown in Fig. 1. The grinding treat- 
ment of one semivitreous china glaze was varied while 
the same size and quantity of raws was introduced at 
milling periods of 12, 16, 20, 24, and 28 hr. Although 
the visual texture would not justify any differentia- 
tion, the two shorter treatments resulted in poorer 
texture (shown under the microscope) than the three 
longer treatments, which, however, appeared to have 
about the same quality. All of these glazes passed the 
autoclave and thermal-shock tests and could comply 
with commercial requirements on this basis as well as 
by visual inspection. 
Figure 2 shows the 
solubility of the lead 


88 with increasing length 
Ss of milling time. 
RE r From the standpoint 
of increasing lead 
solubility with longer 
ss] milling, studies 
Hs should be made on 

“a (ne) such glazes with an 


optimum of particle- 
Fic. 2.—Lead_ solubility size distribution (to 
of semivitreous glaze versus give the desired 
reduction of particle size. working properties) 
and, as far as pos- 

sible, a minimum of extreme fines. 


Ill. Commercial Vitreous China Glazes 
The particle-size measurements of five vitreous china 
glazes in production are given in Table III, and Fig. 3 
shows the average particle size of these glazes for differ- 
ent distribution intervals and the maxima and minima 
for these intervals. 


IV. Raw Porcelain Glaze 
(1) Effect on Working and Fired Properties 


A composition approaching that of cone 4 plus a 5% 
addition of commercial maroon stain* was subjected to 


* R. and H., No. 1770-D. 
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III 
ParTICLE-Size DistRIBUTIONS OF SoME COMMERCIAL VITREOUS CHINA GLAZES 
Glaze No. Diameter (s) 
>30 30-20 20-15 15-10 10-5 5-2 2-1 1-0.5 <0.5 
Weight (%) 
A 4.9 7.8 9.5 15.0 24.6 17.2 6.7 4.1 10.2 
B 8.5 8.4 6.5 11.7 23.9 25.7 7.9 5.8 6.6 
Cc 1.4 0.5 0.9 3.2 28.4 35.1 14.7 7.8 8.7 
D 1.0 0.9 1.3 16.5 30.3 19.8 11.2 8.5 10.5 
E 0.6 0.9 2.0 8.9 27.3 25.0 10.0 12.4 12.9 
ball milling at 4, 8, 12, 18, 24, 36, and 48 hr., respec- Flint Stiaiiatadi 
tively. The same mill with the same pebbles was used RES aor eer 
throughou~ the millings. The charges were prepared --—-- fla kaolin —-——Mayer frit - 
from thoroughly mixed samples. For a batch of 1049.9 ——— Whiting 
gm., 850 cc. of distilled water and 9 Ib. 13 oz. of pebbles 30 din 
were added. Figure 4 shows the particle-size distribu- ge 
tion of the stock materials used in these glaze batches — 
and in batches of fritted glazes to be discussed later. 
That considerable variation occurs in the particle-size 
distribution in these materials as supplied has been 
previously noted for commercial shipments of flint and =: pa J 
feldspar as well as for some commercial stains to be me % a 
given later. xe 
> 4 
< 
= 
= Deg 
= 
: 
— 
meee 
i 
4 
H 30-20 20-15 15-10. 10-5 5-2 <I 


>20 20-15 15-10 10-5 5-2 2-/ 
Diameter 


Fic. 3.—Particle-size distributions of five vitreous china 
glazes. 


The raw porcelain glaze batch and fired formula 
are as follows: 


Batch Molecular formula 
Feldspar 42.08 0.737 CaO 0.488 Al,O; 
Flint 27.24 0.184 K,O 4.401 SiO, 
Fla. clay 13.01 0.079 Na,O 
Whiting 7.66 
Stain No. 1770-D 
(% 5.00 + 5% of stain 
104.99 


Table IV, which gives particle-size distributions of 
the raw glaze for different lengths of milling time, shows 
a progressive decrease in the coarser and an increase in 
the finer distribution intervals with longer grinding. 
Some of these data for the extremes and an intermedi- 
ate milling time are given in Fig. 5. 


Fic. 4.—Particle-size distributions of materials used. 
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Fic. 5.—Particle-size distributions of raw glaze for 
different lengths of milling time. 


The properties of the raw glaze as a function of par- 
ticle size are given in Table V, and some of these prop- 
erties are plotted in Fig. 6. 
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TABLE IV 
PARTICLE-S1zE DISTRIBUTION OF Raw GLAZES FOR DIFFERENT LENGTHS OF MILLING TIME 
Milling Diameter (z) 
aid >30 30-20. 20-15 5-2 2-1 105 <05 
Weight (%) 
4 2.2 4.0 7.7 19.1 29.5 18.5 6.6 4.2 8.2 
& 0.9 1.9 2.3 11.4 34.3 25.7 9.0 4.5 10.0 
12 0.4 0.7 1.0 2.5 30.4 33.8 15.0 6.5 11.7 
18 0.7 0.6 0.8 1.6 21.3 38.1 14.4 7.0 15.5 
24 0.1 0.3 0.3 0.8 12.5 41.7 17.7 9.1 17.5 
36 0.2 0.4 0.4 0.2 5.4 37.8 23.1 13.7 18.8 
48 0.0 0.1 0.1 0.5 3.3 32.0 25.0 18.2 20.8 
TABLE V 
PROPERTIES JF A Raw. GLAZE AS A FUNCTION OF PARTICLE SIZE 
Milling (hr.) 4 s 12 18 24 36 48 
Revolutions (No.) 10,786 21,852 32,528 48,505 64,859 96,784 129,818 
pH (taken from mill at once after grind- 
ing) 8.83*  8.82* 8.92 8.89 8.87 8.91 
ew f open 16.6 17.4 18.5 19.8 22.7 60.7 Too viscous 
Fluidity (Mariotte tube, sec.) 43.4 56.4 69.8 83.2 177.5  ‘fooviscous Too viscous 
Measurements before adjusting with electrolytes after glazes stood up to one week t 
pH 8.59 8.66 8.75 9.09 9.14 9.04 8.90 
Fluidit open 15.1 17.0 18.0 19.4 20.8 47.9 Too viscous 
¥\ closed 31.4 34.4 37.5 Too viscous Too viscous 
Glaze taken up by standard {wet 13.5 14.5 18.5 19.0 21.5 28.5 33.5 
specimen (gm.) dry 7.0 8.5 10.5 10.0 11.0 15.0 17.0 
Glaze adjusted with electrolyte (properties as dipped) { 
Electrolyte addition (gm.)** 0.0628 0.0730 0.0791 0.1304 0.2210 0.2844 0.5455 
Electrolyte (% dry basis) 0.011 0.013 0.021 0.029 0.043 0.068 0.097 
pH 9.03 9.15 9.14 9.21 9.30 9.33 9.32 
Fluidity (closed) 28.4 30.4 37.5 36.8 38.0 49.5 56.8 
Sp. gr. (25°C.) 1.500 1.494 1.508 1.488 1.490 1.502 1.489 
Glaze taken up by standard ew 13.5 12.5 14.3 14.0 13.5 13.5 13.3 
specimen (gm.) dry 6.5 7.0 7.5 6.5 6.5 7.0 7.0 
* Stood 24 hr. before test. t See Comments (A). {See Comments (B): ** N-brand Na silicate. 


CoMMENTS ON TABLE V 


(A) Raw glazes without electrolyte additions (after standing 1 (B) Raw glazes with electrolyte additions (N-brand sodium silicate; 
week or less; stirred well before pping specimens; standard “‘in’’ standard dipping practice) 
and “‘out’’ dip, immersed 2 sec.) 


Milling time 
(4 hr.) 
Dips nicely; fluidity O.K. for this type of glaze at density Dips well; dries so fast that drainage dries in curtains; too 
used much electrolyte in glaze; too fluid for good dipping 
(8 hr.) 
More viscid than at 4-hr. milling; good ‘feel’ (mot so Dips well; dries too fast to permit curtains to smooth out 
grainy) completely 
(12 hr.) 
Good “‘feel’’; too much deposition; dries in curtains and Dips well; dries just right 
cracks 
(18 hr.) 
Smooth “feel’’; quite viscous; poor drainage; curtains; Dips well, slightly too fluid; dries a little too fast; curtains 
dries slowly; drying cracks do not smooth out completely when dry; cracks during 
drying 
(24 hr.) 


Very viscous; smooth “feel”; poor drainage; curtains; Dips and dries well; cracks during drying 

dries slowly; bad cracks when dry 
(36 hr.) 

Very viscous; smooth “feel’’; does not flow offhand; shiv- Dips well; drainage not so good; thixotropic reaction 
ers from ware when shaken; does not drain from ware occurs before drainage is complete; curtains (not due to 
(must be shaken); dries extremely slow; bad cracks fast drying); bad cracks during drying 

(48 hr.) 

Very smooth; absolutely no drainage; shivers off; ex- Dips well; dries fairly well; thixotropic reaction before 
tremely slow drying; bad cracks (progressively worse dipping; slightly reduced fluidity; drainage unhindered; 
with increased milling time from 12 to 48 hr.) reaction noticeably faster at 36 hr.; bad cracks when dry 
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Studies on the dipping behavior show that, with an 
increase in grind and with no electrolyte addition, the 
cracking of the glaze after drying and drainage becomes 
progressively worse. The fluidity of the glaze was re- 
duced rapidly, and the amount of glaze taken up by a 
standard specimen increased. The pH value, which 
increased at first, fell off on the two longest milling 
periods. 


As from mil/ 


----- Adjusted with electrolyte 
/00 T T T T T 


Too viscous 
80 


60 
Fluidity (sec/200cc) 


40} 


90 F 
PH valve 


8 6 l i 1 i 
2. / 0 T T 
Electrolyte (%) added 
0.05} (ary glaze basis) 7 
/8 


Glaze (gm) taken up by standard 
4 surface (dry glaze basis) 


4 8 12 18 24 36 48 
Milled (hr) 
Fic. 6.—Properties of a raw glaze as a function of 
particle size. 


A progressive increase in the electrolyte content was 
needed to adjust these glazes to a similar practical feel 
for dipping when the grinding time was increased. A 
nearly uniform amount of glaze was taken up by a 
standard specimen from the adjusted glazes, and the 
pH and fluidity increased with increased milling time 
as the glazes were adjusted. 

The behavior of the glazes that were milled for a 
longer time suggested a study of their aging properties 
(Table VI). The pH and fluidity were measured, 
starting when the original raw glaze was first adjusted 
with electrolyte. These glazes were kept in closed con- 
tainers. 

The samples from tests on the first day were shaken 
to homogenize the slips. The viscosity values, which 
were high for the tests for 21 days, fell continuously 
with prolonged agitation (minimum results are given). 


The fluidity values were not checked at 7 days of test- 
ing. 

The samples that were milled for longer periods of 
time required much more shaking to bring them to the 
so-called minimum. The pH value, for the most part, 
also decreased consistently with the milling time. For 
any length of testing time, however, the pH was pro- 
gressively higher with increased milling time. The 
thinning of certain glazes after they are aged has been 
explained previously to be caused by increased alka- 
linity as a result of a progressive solution of salts. 
Brown®®) found that a high percentage of soluble ma- 
terial in an undercalcined stain caused excessive de- 
flocculation of the glaze in which it was used. Fetter- 
olf* observed that the thinning on aging is progressive 
over a long period because solution occurs and the thin- 
ning and decrease in yield value are the result of in- 
creasing alkalinity. Spurrier® attributed the aging, 
in part at least, to the growth of algae and bacteria, 
which was claimed to cause changes of color of the 
glazes and the evolution of CO, and other gases. 

An increase in alkalinity was not indicated by the 
pH value for these glazes; the pH, however, decreased 
on aging. The pH values undoubtedly were lowered 
by carbon dioxide absorption from the air or possibly 
evolved in the glaze. The electrolyte action, moreover, 
probably does not reach equilibrium in a short time; 


TABLE VI 
CHANGES IN pH AND FLurpity or Raw GLAZES ON AGING 
Fluidity 
pH (see./200 ce. closed) 
Raw glaze — — — _ 
milled Origi- 1 7 21 Origi- 1 21 
(hr.) nal day days days nal day days 
4 9.03 8.81 8.78 8.71 28.4 27.8 25.9 
8 9.15 8.97 8.90 8.c2 30.4 29.5 27.2 
12 9.14 8.98 8.97 8.93 37.5 30.0 28.1 
18 9.21 8.99 9.02 9.01 36.8 31.3 28.8 
24 9.30 9.15 9.12 9.11 38.0 34.2 31.4 
36 9.33 9.12 9.05 8.97 49.5 
48 9.32 9.13 9.09 9.11 56.8 54.3 63.8 
Hr. 
—4 
40 — 
= j j 
>= 20 


20 215 15-10 1-5 52 2-1 1-05 <05 
Diameter ( 


Fic. 7.—Particle-size distributions of fritted glazes for 
different lengths of milling time. 
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TaBLe VII 
PARTICLE-S1zZE DISTRIBUTIONS OF FRITTED GLAZE FOR DIFFERENT LENGTHS OF MILLING TIME 
nailing Diameter (x) 
™~ >30 30-20 22-15 15-10 10-5 5-2 2-1 10.5 <0.5 
Weight (%) 
4 0.6 6.6 9.8 21.4 26.0 17.7 6.8 3.5 7.6 
8 0.5 5.8 5.9 14.6 32.9 20.6 7.9 4.0 7.8 
12 0.3 1.0 3.7 9.3 38.1 23.0 10.6 5.7 9.3 
18 0.7 0.9 1.1 1.3 28.5 36.5 13.1 7.7 10.2 
24 0.2 0.7 0.5 0.2 21.7 39.9 16.4 10.5 9.9 
36 0.1 0.3 0.1 0.4 12.3 41.9 21.3 12.6 11.0 
48 0.0 0.1 0.0 0.3 4.5 41.6 25.1 14.9 13.5 
this is also true for the casting slip. When the electro- As from mil/ 
lyte is ground in with the glaze charge, a greatereffect j§.§ Adjusted with electrolyte 
from the reagent follows, and the approach to equilib- /00 


rium is accelerated. 


V. Fritted Porcelain Glaze 
(1) Effect on Working and Fired Properties 


The glaze used was approximately the composition 
of cone 4 with 20% of Mayer frit added at the expense 
of all ingredients plus an addition of 5% of Victoria 
green stain (Seger). Stock materials were used with 
the particle-size distribution as shown on Fig. 4. 


Mayer frit 
0.6981 CaO ) ‘ 
0.0236 0.268 Al.O, 548 
0.2782 Na,O 


The fritted porcelain glaze batch and fired formula 
were as follows: 


Batch Formula 

Feldspar 33.66 
Flint 21.79 0.726 CaO 
Fla. clay 10.41 0.140 K,0 3.875 SiO, 
Whiting 14.13 0.133 }0-427 Al:Os 149 B,O; 
Victoria 

green 5.00 + 5% of stain 
Mayer frit 20.00 


104.99 


Table VII gives particle-size distribution of the fritted 
glaze at different lengths of milling time; Fig. 7 gives 
data on milling for 4, 12, and 48 hours. 

Table VIII gives the properties of the fritted glaze as 
a function of particle size, and some of these properties 
are also plotted on Fig. 8. With an increase in grinding 
time and with no electrolyte addition, these glazes as 
well as the raw glazes show progressively poorer drain- 
age and worse cracking when they are dried. On fur- 
ther reduction of particle size, the glaze becomes more 
viscous, and the amount of glaze taken up by the stand- 
ard specimen increases. The pH value, measured when 
the slip is taken from the mill immediately at the end 
of the grinding period, is progressively greater with the 
longer time of milling. 

The amount of electrolyte required to adjust to a 
practical similar fluidity, as before, was increasingly 
greater with the finer particle size. The amount of 
glaze taken up and the pH values were similar for the 
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Too viscous 


20 
94 T T T T 
PH value 
04 T T T 
= Electrolyte (%) added + 
(dry glaze basis) 4 
4 
22 = i T T T 


+ Glaze (gm) taken up by standard 


surtace (dry glaze basis) 


6 i i i i i 
4 8 42 8 48 
Milled (hr) 


Fic. 8.—Properties of a fritted glaze as a function of 
particle size. 


adjusted glazes and the viscosity was slightly increased. 

Comparable fritted glazes were more fluid and had a 
higher pH value than the raw glazes before any elec 
trolyte addition. 

The particle-size distribution of one fritted glaze 
(milled 8 hr.) was tested with and without the addition 
of electrolyte to the suspension (Table IX). 

The change in the state of aggregation as a result of 
the electrolyte addition shows that in such a grain-size 
determination the method of dispersing the sample is 
important and the dispersion should be as complete as 
possible. The glazes, as dipped, are not completely 
dispersed, and if they were in such a state, practical 
difficulties would result. A particle-size determination 
on such a suspension or even on a suspension somewhat 
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Tasie VIII 
PROPERTIES OF A FRITTED GLAZE AS A FUNCTION OF PARTICLE SIzE 
Milling (hr.) 4 8 12 18 24 36 
Revolutions (No.) : ai 10,786 21,852 32,930 48,505 64,859 96,784 129,818 
pH (taken from mill at once after grinding) ty 9.18 9.28 9.33 9.35 9.31 9.59 
sais open 16. 16.8 17.8 18.8 19.3 22.2 75.9 
Fluidity (Mariotte tube, sec.) 30.4 41.2 63.2 67.8 70.1 75.3  Tooviscous 


Specimens dipped before electrolyte addition* 


Glaze taken up by standard speci- (7 17.0 19.0 18.0 20.5 22.0 26.5 35. 
men (gm.) dry 95 10.0 90 11.0 11.0 #140 19.0 
Glazes adjusted with electrolyte (properties as dipped) f 
ae initial 0.0237 0.1761 0.3937 0.2107 0.4505 0.6820 1.2840 
addition dditional 0.2070 0.4237 0.5132 
. total 0.0237 0.1761 0.3937 0.2107 40.6575 1. 1057 1.7972 
Electrolyte (% dry basis) 0.008 0.029 0.061 0.046 0.114 0.210 0.353 
pH ; 9.17 9.21 9.28 9.17 9.21 9.11 9.19 
Fluidity (closed) 23.0 33.5 36.5 39.4 44.1 58.9 69.3 
Sp. gr. (25°C.) 1.490 1.491 1.493 1.502 
wet 14. 15.3 14.8 14.0 15.0 
Glaze taken (gm.) (i 8.0 7.5 8.0 8.0 7.5 7.5 8.3 


* See Comments (A). t See Comments (B). 


t N-brand Na silicate. 


COMMENTS ON TABLE VIII 


(A) Fritted glazes without electrolyte addition (after standing up 
to one week; stirred well before dipping specimens; standard “‘in’’ 
and “‘out’’ dip) 


(B) Fritted glazes with electrolyte addition (N-brand sodium sili- 


cate used; standard dipping practice) 


Milling time 
(4 hr.) 


Applies easily; dries quickly; fairly good drainage but not 
so good as raw glaze milled same length of time 


Dries quickly; applies well; curtains* 


(8 hr.) 


Smooth “feel’’; drainage not so good as might be; bad 
curtains; cracks during drying 


Same as glaze milled 4 hr.; dries quickly* 


(12 hr.) 


Drainage poor when dipped; drying fairly good; bad cur- 
tains; cracks during drying 


Dips well; drainage not quite good enough; few curtains; 
slight cracks during drying* 


(18 hr.) 


Drainage poor; drying, not very fast; curtains; cracks 
during drying 


Drainage not so good as glazes with less milling time; slip 
slightly less fluid after standing only 10 min., few cracks 
during drying* 


(24 hr.) 


Drainage, very poor; slow drying; curtains; cracks during 


drying 


Few curtains; cracks during drying ft 


(36 hr.) 


Very viscous; no drainage; shivers or falls off (with harder 
shaking, such slip could give thinner coat than slightly 
more fluid slip all handled in same manner); cracks 
badly during drying 


Curtains; cracks during dryingt 


(48 hr.) 


No drainage; no flow; extremely slow drying; bad cracks 


diluted would yield apparent and not ultimate values. 
Flocculation promotes subsidence as a whole and pre- 
vents the separation or classification of the coarser par- 
ticles from settling out rapidly and the finer particles 
from remaining in suspension. A dilute and defloccu- 
lated suspension permits independent particle migra- 
tion. 

Suspensions of approximately 5% and a concentra- 
tion of sodium pyrophosphate electrolyte of 0.002 gm.- 
mol. per liter were used in this study. This reagent 
was added before the agitation period of 17 hr., the 
suspension was brought to testing temperature, agi- 


Curtains; bad cracks during dryingf 


* All of these glazes (except that milled 12 hr.) were ad- 
justed with weighed amounts of electrolyte to similar 
fluidity; by the time specimens were dipped in the 18-hr. 
milled glaze, a definite thickening of the glaze occurred; 
this thixotropic action was progressively more manifest 
with increasing lengths of milling time; additional electro- 
lyte was therefore added. 

t Specimens of the 24-, 36-, and 48-hr. milled fritted 
glaze were dipped and their properties were measured at 
once after additional electrolyte was introduced; the glaze 
ground for 12 hr. was also tested, and specimens, after ini- 
tial electrolyte addition, were dipped in it at once. 


tated for 2 minutes, and the sedimentation test was 
started. This procedure has been fully described.’ 
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(2) Glaze Appearance 

Previous work has provided examples wherein finer 
grinding of glazes has resulted in improved appearance. 
Slight differences in the distribution of particle size of 
the same glaze composition in one instance were suffi- 
cient to make an important Gifference in the finished 
glazes.* Investigators? have also shown that finer 
milling has given better appearance and certain other 
benefits in enamels, but there is also evidence in the 
literature of the dangers of overgrinding, which may 
cause such defects as drying cracks, crawling, and wall- 
splitting.‘ 


TABLE IX 


PARTICLE-S1zZE DISTRIBUTION OF FriTTED GLAZE MILLED 
FoR 8 Hours 


Not sufficiently Deflocculated 

Diameter (yz) deflocculated (%) (%) 

>30 2.0 0.5 

30-20 20.8 5.8 

20-15 14.1 5.9 

15-10 24.7 14.6 

10-5 30.7 32.9 

5-0 7.7 40.3 
PH of suspension at end 
of grain-size deter- 

mination 8.78 9.61 


Specimens of the raw and fritted g'azes that were 
milled for different periods are shown on Fig. 9. These 
specimens and other pieces used for estimated glaze 
stress and scraich-hardness tests were fired to cone 11 
in 34 hours. 

The development of crawling was noted in specimens 
that were milled for a longer time, particularly in the 
glazes milled for 24 hr., and this defect became progres- 
sively worse for longer grinding periods. Cracking dur- 
ing drying was also progressively worse with increasing 
length of milling time (see Comments (A) and (B), 
Table V). 

The microtexture became progressively better with 
an increase in grinding time. The glazes which were 
ground for 4 hr. had a considerable amount of undissolved 
matter, a rougher surface, and more microdefects. 
With longer milling time, there was less inhomogeneity 
(smaller particles and less undissolved matter) and 
greater freedom from microdefects. The textural ex- 
aminations were made by using dark-field illumination. 


(3) Glaze Fluidity 


The comparative fluidity of the raw and fritted glazes, 


Fic. 9.—Specimens glazed with raw and fritted glazes 
milled for 4, 8, 12, 18, 24, 36, and 48 hours (left to right, 
respectively); top specimens, raw glaze; bottom speci- 
men, fritted glaze; fired to cone 11". 
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Fic. 10.—Comparative fluidity of raw and fritted 
glaze milled for 4 and 48 hours; inclined-plane test 
blocks at top show behavior of fritted glaze, which 
was more fluid for comparable grinding times than the 
raw glaze shown on the two bottom test biocks; fired 
to cone 4° in 24 hours. 


milled respectively for 4 and 48 hr. is shown on Fig. 
10. These glazes were fired to cone 4*in 24 hr. An in- 
crease in fluidity with finer grinding was observed in 
both cases. The fritted glaze, however, was more fluid 
for comparable milling periods than the raw glaze. 
Because the latter glaze had more extreme fines for the 
same milling time, the greater fluidity of the fritted 
glaze must be dependent chiefly on composition and 
having a portion of it fritted. 


(4) Glaze Hardness 


The scratch-hardness of the fired films of raw glazes 
that received different grinding periods was deter- 
mined, and the microcharacter® (Fig. 11) was used. 
The diamond point is in the form of a solid right angle 
(the corner of a cube), which is mounted so that the di- 
agonal of the cube is normal to the test surface and one 


* J. H. Koenig, “Physical Properties of Commercial 
Dinnerware,” Ohio State Univ. Eng. Expt. Stat. Bull., No. 
101, p. 24 (May, 1939). 

The microcharacter was developed by C. H. Bierbaum 
and is handled by the Spencer-Lens Company. For litera- 
ture, see Trans. Amer. Soc. Mech. Engrs., 1921, p. 1273, 
and 1920, p. 1099; Trans. Amer. Inst. Mining Mech. Engrs., 
1923, p. 972; Trans. Amer. Soc. Steel Treating, Jan., 1931. 
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edge is accurately in line with the direction of cut. The 
edges are sharp and accurate under a magnifica- 
tion of X 2000, and the cutting edge makes an angle of 
35.246 degrees with the test surface. The formula de- 
veloped for this instrument is 
4 
Where k = microhardness number. 
X = width of cut (x). 
10‘ = arbitrary number used to avoid fractional 
numbers. 

The microhardness numbers for the fired surfaces of 
the raw glaze of different milling times are plotted on 
Fig. 12, which shows a trend of increasing scratch-hard- 
ness with the length of milling time. The finer grinds 
gave greater freedom from protuberances and provided 
smoother surfaces which are less easily scratched. Be- 
cause they mature at lower temperatures as indicated 


Fic. 11.—Microcharacter for measuring glaze hardness 


on test blocks, they fine more readily, and microscopic 
examination reveals fewer microdefects. The greater 
fluidity effected by longer grinding time should also in- 
crease the body-glaze reaction with possibly a greater 
increase of Al,O, and SiO, in the fired film, both of 
which would increase the scratch hardness. 


(5) Glaze Stress 

The ring method was used to determine the glaze 
stress,’ and the data are given in Fig. 12. The values 
are given in millimeters of compression or millimeters 
of decrease in distance between reference marks after 


” (a) W. C. Bell, “Evaluation of Glaze-Fit Test Meth- 
ods,” Jour. Amer. Ceram. Soc., 23 [6] 163-66 (1940). 

(6) H. E. Davis and R. L. Leuters, “Simplification of 
the Ring Method for Determining Glaze Stress,” ibid., 15 
[1] 34-36 (1932). 

(c) H. G. Schurecht and G. R. Pole, ““Method of Meas- 
uring Strains Between Glazes and Ceramic Bodies,” ibid., 
13 [6] 369-75 (1930). 
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Fic. 12.—Glaze stress and scratch hardness of fired film 
versus reduction of glaze particle size. 


cutting the rings, which is a relative expression of com- 
pressive stress in the glaze. 

The comparative values were higher for the raw than 
for the fritted glazes; the expansion of the latter, how- 
ever, was greater as estimated by calculated coefficients. 
The amount of compression for both glazes increased 
with longer milling time up to about 24 hr. and then 
decreased, probably as a result of the crawling on the 
specimens which had longer periods of grinding. The 
slip of each glaze, milled for 48 hr., resulted in specimens 
which were badly crawled. With the fritted glazes, 
which were more fluid, greater body solution might have 
proved to be beneficial. The relative increase in com- 
pressive stress with length of milling time, however, 
appeared to be greater for the fritted glazes. 

The development of a body-glaze interface and its 
relation to crazing has received considerable comment in 
the literature. An increase in the development of such 
an interfacial reaction by increasing the glaze fluidity 
(higher temperature or composition change) has also 
been noted. Inasmuch as the fluidity of the glaze may 
be increased by finer grinding, it may be attained to 
some extent by particle-size reduction. The thermal 
expansion of a glaze may be reduced by silica solution 
from the body, which may explain the increasing com- 
pression found for the glazes with longer times of mill- 
ing up to that point where the glazes crawled as a result 
of extreme fine grinding. 


Vi. Relation of Grinding Efficiency to Grinding 
Time and Ball Size 
Three No. 1 mills (1-gallon size) were charged with 
porcelain balls of the following dimensions: 


Actual size, Calcu- 

Nomi- avg. of large lated 

nal number a Weight total 
Mill size readings No. of of balls surface 
No. (in.) (in.) balls (Ib.) (sq. in.) 
A 1'/, 1.540 63 10 469.4 
B 1'/, 1.540 31 5 230.9 
3/4 0.728 298 5 496.5 

Total 727.4 
0.728 595 10 991.3 
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Particle-Size Distribution of Glazes 


A similar charge of the fritted glaze previously de- 
scribed (1049.9 gm. of batch plus 850 cc. of distilled 
water) was ground in each of these mills for 12 hr. 
(33,644 revolutions). The preground frit, however, 
was not used, but the frit from the frit kiln was screened 
and everything coarser than 18-mesh was used. 

All of the glaze passed through a 110-mesh sieve 
from mills A and B or where the large and mixed sizes 
were used. A residue of 0.95 gm. of unbroken ma- 
terial was found in mill C which had only small balls. 
This residue consisted of pieces from the highly sili- 
ceous frit which were caused by damp flint nodules that 
were introduced in the kiln; the glass development oc- 
curred late enough so that these nodules were stone- 
hard. Such material collects as isiands on the -molten 
frit during its preparation. The residue found in mill 
C represented slightly less than 0.5% of the fritted con- 
tent in the glaze. 

Similar tests were made, using identical batches of 
the same raw glaze, and these were ground in each mill 
for 12 hr., 33,600 revolutions (Fig. 13). 


40 
Frirreo Giaze | 
Large balls 
—-—-—Mired 
-----Small balls 
20 
~, 
S 
~ O 
40 
> 
g Raw GLAZE = 
20 
>20 20-15 15-10 10-§ 5-2 CASE 


Diameter (fs) 


Fic. 13.—Particle-size distributions of raw and fritted 
glazes milled for 12 hours using different sizes of porcelain 
balls. 


When the raw glaze was ground only with the large 
balls, the fines were more uniform in size and there were 
more particles in the coarser fractions than when only 
small balls were used. The mixed sizes of balls gave 
an intermediate subdivision. 

When the fritted glaze was ground only with the 
large balls, there were more extreme fines than with 
the small balls. There was also considerably more sub- 


(1941) 
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division of particles (to the order of 2 to 10 4) with the 
small than with large balls. The mixed sizes (large and 
small balls) gave an intermediate subdivision of fritted 
glaze. This fritted glaze (frit not preground), with 12 
hr. of grinding, further reduced in extreme fines when 
only large balls were used. The small balls did not ap- 
pear to effect the complete reduction of the frit as effi- 
ciently, although they were more effective in breaking 
down the coarser particles in the glaze which passed a 
110-mesh sieve. As previously mentioned, some of the 
coarse, hard particles of frit were not reduced suffi- 
ciently to pass a 110-mesh sieve when only small balls 
were used; no such residue, however, was found when 
large balls or mixed sizes were used. 

The practice of grinding first the frit and the other 
harder materials, such as flint and feldspar, and adding 
the remainder of the charge later gives a finer state of 
subdivision.“ Frit, which was not preground, was 
used in this instance to show the effect of different 
sizes of balls when coarse and hard particles were in- 
volved. The statement is made frequently that a small 
size of pebble or ball must be used for effective grinding 
to provide more points of contact; some qualification 
seems to be necessary, however, which involves the dif- 
ferential size and nature of the materials and the time 
of grinding. This will be shown in the following tests 
on the stain. 


(1) Tests on Stain 

A cone 11 calcined stain, with a high content of ti- 
tanium dioxide, was chosen because it was known to be 
extremely difficult to grind fine in 12 hr. 

Each mill (previously described) was charged with 
1200 gm. of the 16-mesh calcined stain, just as it came 
from the kiln, and with 1000 cc. of water; 100-cc. sam 
ples were taken from each mill after 8, 20, 32, 44, 
56, and 68 hr. of grinding. These samples, which were 
dried thoroughly, were added to a cone 11 mat glaze 
which had been ground 12hr. The mixture of glaze and 
stain was ball-milled for 30 minutes to break up all of 
the hard particles that were formed in drying the stain. 
This glaze-stain mixture was compounded on the basis 
of 90% of dry glaze and 10% of dry stain. Samples of 
a one-fire porcelain body were dipped in these glazes 
at a specific gravity of 1.3 and fired to cone 11° in 34 
hr. 

After 8 hr. of grinding, the mill with all large balls 
showed the greatest efficiency in reducing the particle 
size. No visual difference could be noted between the 
grinding efficiency of the mill that contained all small 
balls and the one with one half large and one half 
small balls. At the end of 20 hr., it was plainly visible 
that the mill with all large balls contained smaller av- 
erage particles than the others. The mill with one 
half large and one half small balls, however, showed a 
big improvement over the 8-hr. grind, and visually was 
close to the charge which had all large balls; the mill 
with all small balls showed far more coarse material but 
also a big improvement over the 8-hr. grind. 

After 32 hr. of grinding, the efficiency of the large 
balls began to lag, and there was little noticeable dif- 
ference produced by the additional 12 hr. of grinding 


296 


time. For the mixed charge (one half large and one 
half small balls), there was quite a noticeable improve- 
ment in the reduction of particle sizes. The stain from 
this charge was finer than that from the mill with large 
pebbles. The mill with all small pebbles showed an 
enormous increase in fine material, which was much 
finer than that ground with all large balls and notice- 
ably finer than that from the charge with one half large 
and one half small balls. 

For the grinds of 44, 56, and 68 hr., the particle-size 
reduction could be noticed, but the visual difference 
was slight. At the end of 68 hr., the small ball charge 
showed the finest material, the mill with one half large 
and one half small balls was next in order, and the one 
with all large balls showed the least fine material. 


(2) Fired Results 

(A) All Large Balls: The glaze using stain that was 
ground for 8 hr. was quite specky, showing the stain to 
be fairly coarse. The sample grinds of 20, 32, and 44 
hr. showed fewer and smaller specks, and there was little 
noticeable visual difference between these grinds. The 
samples ground for 56 and 68 hr. showed no specks. 
The color was a light gray-tan for the 8-hr. grind; tan 
for the 20-, 32-, and 44-hr. grinds; and yellow-tan for 
the 56- and 68-hr. grinds. 

(B) One Half Large Balls and One Half Small Balls: 
The glaze using the stain ground for 8 hr. was quite 
specky, indicating that it contained many large par- 
ticles of stain; with the stain ground for 20 hr. the glaze 
was less specky, but it showed larger and more specks 
than that ground for 20 hr. with all large balls. Specks 
were almost completely eliminated by the use of stain 
that was ground for 32 hr., and the color was much 
deeper yellow, indicating the increase in fineness. The 
glaze using the stain ground for 44 hr. had approxi- 
mately the same appearance to the eye as that for the 
stain ground 32 hr. The stain ground for 56 hr. made 
the glaze more yellow and it was free from specks. 
With stain ground for 68 hr., the glaze fired free from 
specks and showed yellow-tan color similar to the large 
ball grind of 68 hr. This indicated that after 68 hr. of 
grinding, the charges of large balls and of one half large 
and one half small balls reached approximately the same 
grinding efficiency, based on the color produced in the 
fired glazes. 
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(C) A Small Balls: The glaze using the stain 
ground for 8 hr. showed many specks, and it was com- 
parable in appearance to the glazes using stains ground 
with charges of all large balls and with mixed balls. 
After 20 hr. of grinding, there was definitely less fine 
material than when mixed balls were used and much 
less fine material than with all large balls. The glaze 
using the stain ground for 32 hr. showed that the addi- 
tional 12 hr. caused an enormous increase in grinding 
efficiency. The color was a tan-yellow (as yellow as 
that produced with 68-hr. grinds with the large or mixed 
ball charges). Glazes using stain ground for 44, 56, 
and 68 hr. appeared much the same as that ground 32 
hr. The color for all of these glazes was yellow-tan. 

From the foregoing results, the large balls appear to 
be more efficient in breaking down hard particles of con- 
siderable size, probably owing to greater impact; with 
continued grinding, however, the large balls are less 
efficient in effecting further reduction of the fine par- 
ticles, owing to the increase in the number of particles 
and to the small number of contact points between 
balls. The small balls are less efficient in reducing the 
large particles, but when the latter are reduced, their 
grinding efficiency in effecting further reduction of size 
is much greater than that of the large balls. This is 
assumed to be the result of abrasion rather than of im- 
pact. With a charge of one half large and one half 
small balls, the grinding efficiency appears to be inter- 
mediate between that obtained with all large and all 
small balls, and it is doubtful if the use of mixed balls 
offers any advantage over balls of one size when ma- 
terials of 16-mesh or finer are being ground. 

For short grinds and coarse hard materials, large 
balls would be the most effective; for longer grinds and 
the same type of materials, small balls would be more 
desirable. For finely ground materials, such as raw 
glazes, small balls would be the most efficient. For 
material in large pieces (coarser than 16-mesh), such 
as many frits, it would be advisable to use some large 
balls to break down the large pieces and thus give the 
smaller balls a chance to effect reduction by abrasion. 


Vil. Particle-Size Distribution of Commercial Stains 

Table X shows the particle-size distribution of some 
commercial stains. The (a) and (6) samples listed, 
which are different samples of the same commercial 


TABLE X 
PARTICLE-SIZE DISTRIBUTION OF SOME COMMERCIAL STAINS 


Stain 

>25 25-20 20-15 
1 10.6 7.8 13.6 
2 24.7 10.8 10.7 
3 10.5 9.2 11.3 
4(a) 9.0 2.4 3.9 
4(b 6.9 1.9 2.7 
ie 10.0 0.8 2.1 
5(b 9.5 2.8 4.1 
6(a) 11.1 6.9 12.4 
6(b 10.3 7.1 12.0 
7(a 10.7 3.3 11.7 
7(b 15.1 4.3 12.2 


Mesh size 


15-10 10-5 5-2 2-1 <1 
Particle size (%) 
18.3 18.7 13.5 5.7 11.8 
13.6 14.6 11.9 va 6.5 
16.0 18.6 17.1 8.3 9.0 
9.1 21.3 24.7 12.6 17.0 
8.4 23.9 21.7 14.0 20.5 
7.1 29.8 31.5 10.4 8.3 
6.9 32.0 28.3 9.2 7.2 
20.0 30.7 13.1 5.7 Tr. 
20.3 31.0 13.3 5.9 Tr. 
23.1 30.9 12.5 Sok 0.1 
21.9 28.2 12.0 6.2 Tr. 
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Chemical Mechanism of Decolorizing with Selenium 


stain, show the variation in these materials as supplied. 


Vill. Summary 

The particle-size distributions of some production 
semivitreous and vitreous china glazes and some com- 
mercial stains are given. The rapid increase of acid 
solubility of the lead content used in semivitreous 
glazes with decreasing grain size shows that the par- 
ticle-size reduction should not be carried beyond a neces- 
sary minimum. Consideration should be given to the 
preparation of such glazes which have an optimum 
particle-size distribution and the desired working prop- 
erties as well as a minimum of extreme fines. 

The working properties of a raw glaze and of a fritted 
porcelain glaze as a function of particle size were noted. 
An increase in the time of grinding resulted in a tend- 
ency to crack after drying and in poor draining prop- 
erties, which became progressively worse with further 
reduction in particle size. Before adjusting the glazes 
with electrolyte, the viscosity and the amount of glaze 
taken up by a standard specimen increased with longer 
milling time. An increasing amount of electrolyte was 
required to adjust the glaze to similar feel with an in- 
crease in milling time. The pH value measured on the 
slip as taken from the mill also rose steadily as the par- 
ticle size was reduced. The fritted glazes were more 
fluid and had higher pH value before this adjustment 
than the raw glazes for comparable milling time. 

The fired glaze microtexture became progressively 
better with an increase in milling time; there was also 
less inhomogeneity, a smoother surface, and fewer mi- 
crodefects. Crawling occurred in both glazes at longer 
grinding periods, and this became progressively worse 
with an increasing amount of subdivision. Finer 
grinding increased glaze fluidity. The scratch hardness 
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was increased with the longer milling time, and the 
finer grinds had greater freedom from protuberances 
and smoother surfaces which are less easily scratched. 
The compressive stress developed in the glazes was 
increased with longer milling time up to 24 hr. and then 
decreased; the decrease resulted probably from the 
crawling of the specimens on the longer period of grind- 
ing. 

The statement is frequently made that the pebble or 
ball size must be small for effective grinding to pro- 
vide more points of contact. Some qualification, how- 
ever, is necessary, which involves the differential size 
and nature of the materials and the time of grinding. 

The relation of grinding efficiency and grinding time 
and size of balls was studied. For short grinding pe- 
riods on coarse, hard materials, large balls would be the 
most effective. For longer grinds on the same ma- 
terials, small balls are the most desirable. For ma- 
terials already in a relatively finely ground condition, 
such as raw glazes, small balls are the most efficient. 
For large pieces (coarser than 16-mesh), such as many 
frits, some large balls should be used to break them down 
and thus give the smaller balls a chance to complete 
the reduction of size by abrasion. 


Additional Reference 
A. H. M. Andreasen, “Grinding of Materials, Theoreti- 
cal and Experimental Researches on Particle-Size Distribu- 
tion Incident to the Disintegration Process,’’ Kolloidchem. 
Beihefte, 27, 349-458 (1928); Ceram. Abs., 8 [4] 301 (1929). 
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PRELIMINARY NOTE ON THE CHEMICAL MECHANISM OF 
DECOLORIZING WITH SELENIUM* 


By FRANK Day, JR., AND ALEXANDER SILVERMAN 


Research work in the Glass Laboratory of the Uni- 
versity of Pittsburgh indicates that the chemical mecha- 
nism of decolorizing with selenium may be adequately 
explained without postulating the formation of ferrous 
selenide. The new reaction is 


4FeO + Na,SeO; — 2Fe,0; +Se + Na,O.f 


From this it follows that the colorless selenite ion reacts 
with the green ferrous ion to produce the less colored 
ferric ion with a corresponding increase in the red ele- 


* Received July 2, 1941. 

Contribution No. 437 from the Department of Chemis- 
try, University of Pittsburgh, Pittsburgh, Pa. 

+t The oxides are naturally converted to silicates in the 
melt. 


(1941) 


mental form of selenium. The red color of the ele- 
mental selenium then physically compensates as a 
complementary color for any remaining green ferrous 
ion. This reaction may be used to explain the prior 
results of Héfler and Dietzel' and of Murgatroyd and 
Gooding? who postulated the formation of red ferrous 
selenide to account for changes in their transmittancy 
curves. 

This work has been brought to a conclusion and will 
be published soon. 


1W. Héfler and A. Dietzel, “Anlaufen der Seleneisen- 
glaser und seine Bedeutung fiir die Entfarbung mit Selen,”’ 
Glastech. Ber., 14 [11] 411 (1936). 

2 FE. J. Gooding and J. B. Murgatroyd, “Selenium De- 
colorizing,’’ Jour. Soc. Glass Tech., 19 [73] 43-103 (1935); 
Ceram. Abs., 14 [9] 215 (1935). 
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RELATION OF THE PARTICLE SIZES OF THE FRIT AND COLOR OXIDES TO 
THE COLOR PROPERTIES OF PORCELAIN ENAMELS* 


By AnpREw I. ANDREWS AND RALPH L. Cook 


ABSTRACT 


The effect of variations in the particle size of typical green and blue color stains in sized 


fractions of a representative clear frit was studied. Microscopic examinations were 
made of the sized fractions, and photomicrographs of the respective fields are presented. 
The color characteristics of the enameled panels were determined on a continuously re- 


cording spectrophotometer. 


Frit particles of 45 to 754, combined with color particles 


of less than 5u, were found to give the optimum or most efficient color characteristics, 


|. Introduction 

In the field of ceramics, the basis of color formation 
in all silicates is closely related. Colored enamels, 
colored glasses, and colored glazes are formed by in- 
organic ceramic pigments, which are present in the 
glassy matrix as mixed crystals, solid solutions, col- 
loidal suspensions, inert oxides, or true solutions, and 
all are stable to a greater or less degree at the higher 
temperatures. 

The various physical properties of light, such as re- 
flection, refraction, diffraction, and absorption, are 
as important in a consideration of colored enamel sur- 
faces as in the more familiar white surfaces. A portion 
of the white light falling on a colored surface will be 
reflected; the light penetrating below the surface will be 
refracted, selectively absorbed, and further reflected 
at each individual particle surface. As the suspended 
particles become increasingly smaller, the importance 
of diffraction is more pronounced. The type of light 
falling on a surface and the physiological and psycho- 
logical color effect on an individual, furthermore, have 
an important influence on the characteristics of the 
observed color. 

In the production of colored vitreous enamels, the 
coloring agents may either be introduced in the raw 
batch and smelted into the enamel frit, or the metallic 
coloring oxides with admixtures of the suitable ingredi- 
ents may be added as prepared calcines to a clear or 
semiopaque frit. To reproduce the same color con- 
sistently, it is necessary to control the raw materials, 
the temperatures of calcination, the furnace conditions 
under which the calcination is carried out, the soluble 
constituents in the color stain, the fineness in the mill- 
ing operation, the thickness of application, and the 
final firing temperature of the enamel coating. It isrec- 
ognized in most cases that the control of the above- 
mentioned factors is all that is necessary in the satis- 
factory production of usable color surfaces. It was 
felt, however, that more careful and detailed consider- 
ation, should be given to the particle size of the in- 
gredients. It was the purpose of the present investi- 
gation, therefore, to determine (1) the effect of extreme 
fineness of grinding on the production of colors and (2) 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 3, 1941 
(Enamel Division). Received April 14, 1941. 


and color particles larger than 5 u, seriously impaired the resulting color. 
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the optimum particle size of the coloring agent and also 
the size of the frit particle required to develop the most 
desirable color characteristics. 


(1) Review of Literature 

Harrison and Hartshorn! did considerable work on 
ceramic colors and their use in vitreous enamels. They 
point out that colors are usually added as previously pre- 
pared calcines to the mill batch with the possible excep- 
tion of the darker colors, dark blues and blacks, where 
the coloring agents are smelted intu the frit. Different 
frit compositions were tried to determine their specific 
effect on each color, and the authors conclude (a) that all 
stains should be thoroughly washed with hot water to 
remove all soluble matter; (6) that the best results are 
obtained when the stains are ground to pass a No. 200 
sieve after calcination; and (c) that in large-scale produc- 
tion where it is important to minimize the work of grinding 
and sieving, a sieve with larger openings in many cases 
might prove to be satisfactory. 

In his study of cobalt and nickel colors, Mellor? points 
out that the simple cobalt-blue colors may be arranged 
in two classes, the cobalt-silicate blues and the cobalt- 
aluminate blues. The cobalt aluminate is in an unstable 
condition and tends to revert to the stable silicate with 
prolonged heating. By proper proportioning of the cobalt 
aluminate and the zinc aluminate, various blue and green 
colors were obtained. 

Wenning* showed the need for uniformity and high 
quality in color chemicals. He stated (a) that any varia- 
tion in color may be attributed chiefly to the heat reac- 
tions between the various chemicals which compose the 
enamels; (b) that an enamel that has been ground coarse 
will produce a different color from one that has been ground 
fine; and (c) that overgrinding usually causes the color to 
become lighter. 

Robertson‘ reviewed the processes involved in the manu- 


1W. N. Harrison and T. D. Hartshorn, “Preliminary 
Study of Ceramic Colors and Their Use in Vitreous 
Enamels,” Jour. Amer. Ceram. Soc., 10 [8] 747-60 (1927). 

2 J. W. Mellor, “Cobalt and Nickel Colors,’’ Trans. 
Ceram. Soc. [England], 36 [1] 1-9 (1937); Ceram. Abs., 16 
[9] 287 (1937). 

*'W. F. Wenning, “Cause and Control of Color Varia- 
tions in Cast-Iron and Sheet-Iron Enamels,’’ Jour. Amer. 
Ceram. Soc., 12 [7} 491-93 (1929). 

* C. Robertson, “‘Manufacture of Color Oxides for Por- 
celain Enamels,’’ Better Enameling, 11 [3] 4-7 (1940). 
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facture of color oxides, and he emphasized the importance 
of the careful selection of raw materials, thorough mixing 
of the ingredients, and careful control of the calcination. 
He also pointed out that care must be exercised in the 
selection of the oxides in blending prepared color stains so 
that color purity will not be destroyed. 


Weyl® discussed the chemical reactions involving colored 
ions in glasses on the basis of their absorption spectra, and 
he stated that the various factors influencing glass colors 
are (a) solvation of the coloring ion, (b) dissociation-associ- 
ation equilibria, and (c) the oxidation-reduction equilibria. 

In a study of the use of various color stains in porcelain 
enamels, Andrews and Zwermann* made spectrophoto- 
metric determinations and X-ray and microscopic 
examinations of the stains and of the enamels containing 
the color stains. They found considerable variation re- 
sulting either when the color was due to solution or when 
colloidal particles were embedded in the enamel glass. 
The effects of temperature variations, firing time, and fine- 
ness of milling on the color produced were noted, and they 
concluded that more uniform color results may be obtained 
when inert color particles are suspended in the frit. 


Andrews and King’ studied the mechanism of mill- 
added opacifiers. They conclude (a) that mill-added 
opacifiers do not continue to increase reflectance when 
they are added in large quantities, (6) that increased fine- 
ness of milling aids reflectance, and (c) that extreme fine- 
ness of opacifiers is desired. They state, furthermore, 
that because the mill-added opacifier does not diffuse to 
any great degree into the frit particles, only amounts suf- 
ficient to fill the interstices can do any appreciable good as 
an opacifier. 


The extensive literature on colloid chemistry is also ap- 
plicable in any study of the effect of particle size on the 
resulting color. The classical example of the phenomenon 
of the change in color from red to blue, exhibited by a gold 
sol, has led to the search for a direct connection between 
light absorption and the size of particles. Both the wave 
length, which is most absorbed, and the maximum absorp- 
tion depend on the size of the gold particles and on their 
state of aggregation.® 


Zwerrrann and Andrews’ summarized the relationship 
between the properties of light and small particles with 
special emphasis on the scattering and polarizing effect of 
particles which approach the wave length of the incident 
light. 


5 Woldemar Weyl, ‘‘Chemistry of Colored Glasses: 
I-III,’”’ Glass Ind., 18 [3] 73-78; [4] 117-20; [5] 167-71 
(1937); Ceram. Abs., 16 [6] 170; [7] 201; [8] 239 (1937). 

* A. I. Andrews and C. H. Zwermann, “Fundamentals 
of Color in Porcelain Enamels,’’ Jour. Amer. Ceram. Soc., 
22 [3] 65-72 (1939). 

’ A. I. Andrews and B. W. King, Jr., “Mechanism of 
Mill-Added Opacity in Porcelain Enamels,”’ ibid., 22 [6] 
173-76 (1939). 

*H. R. Kruyt, Colloids: A Textbook (translated by 
H. S. VanKlooster). John Wiley and Sons, Inc., New 
York, 1930. 262 pp.; Ceram. Abs., 7 [5] 323 (1928). 

°C. H. Zwermann and A. I. Andrews, “Relation of 
Particle Size and Characteristics of Light Reflected from 
Porcelain Enamel Surfaces,’”’ Jour. Amer. Ceram. Soc., 23 
[4] 93-102 (1940). 
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Relation of Particle Size of Frit and Color Oxides to Colors of Enamels 


ll. Experimental Details 
(1) Scope 


A representative blue and a representative green 
stain were prepared, and a typical clear enamel frit was 
smelted in the usual manner. The frit and each of the 
color stains, after suitable grinding, were separated into 
various fractionations by settling and decantation 
methods. To each respective sized frit fraction, 3% of 
each of the different sized color stains and 6% of clay 
were added. The enamels were milled and sprayed at 
various weights of application over ground-coated 
panels after one half of each panel had been covered 
with a coat of white enamel. The color characteristics 
of the fired samples were determined with a spectro- 
photometer. The resulting color curves were com- 
pared, and that combination of sized frit particle and 
sized color particle which gave the best color character- 
istics was noted. Photomicrographs were taken of the 
various sized fractions, and microscopic observations 
were made of the fired enamel panels. 


Reflectance (%) 


500 550 600 
Wave length (mu) 


Fic. 1.—Normal grinding blue, curves Nos. 1 
and 2; normal grinding green, curves Nos. 3 and 
4, each 65 gm. per sq. ft. over white of variable mill- 
ing fineness: curves Nos. 1 and 3, 0 to 1% on 325- 
mesh; Nos. 2 and 4, 15 to 16% on 200-mesh. 


(2) Composition and Preparation of the Color Stain 
The selected compositions used for the color stains 
and the calcination treatment are given in Table I 


TABLE I 
COMPOSITION OF THE COLOR STAINS 


Blue stain! (%) Green stain * (%) 
Al,O; 60 Cr,O0; 39 
Co;0, 20 CaCo; 22 
ZnO 20 CaF, 17 
SiO, 22 
Calcined 2350°F. 2350°F. 
Time 4 hr. 4 hr. 


Each batch of color stain was carefully weighed, thor 
oughly mixed by grinding wet in a ball mill, dried, pul- 
verized, placed in refractory crucibles, and calcined 
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(3) Sizing of Color Stains 


In the consideration of the vari- 
ous means by which inert materials 
may be separated into component 
size fractions, two methods seemed 
to be particularly applicable to this 
investigation. In one (a process of 
air classification) , air under controlled 
pressure and velocity is allowed to 
carry the powdered sample into a 
separating chamber with sufficient 
velocity to carry all those particles 
of the desired size over to a collect- 
ing thimble. In the other method, 
the principles of Stokes’ law are ap- 
plied to the settling of particles in a 
fluid, and this method was found to 
be quite satisfactory for particle 
fractionation studies. 

The following equation is the usual 
mathematical expression of Stokes’ 
law: 


Fic. 2.—Frit fractions: (A) < (B) 5tol5y; (C) 15to 254; 


to45y; all X350. 


in a gas-fired surface combustion furnace. The stains 
were brought up to a temperature of 2350°F. in 3'/, 
hours and held at the peak temperature for 30 minutes. 

One half of each of the resulting calcines was ground 
wet for 30 minutes and then screened through a No. 325 
sieve; the residue was put back in the mill and reground 
for 30 minutes; and this treatment was continued until 
all of the stain passed through the No. 325 sieve. The 


stain was then dried and ready to be fractionated. 
The remaining half of each of the calcined stains was 
ground wet in a ball mill for several hours to simulate 
commercial methods; these stains were washed sev- 
eral times with hot water to remove all soluble matter, 
screened through a No. 325 sieve, and dried. 


2r%(d, — ds)g 
t 9n 
Where H = height (cm.). 
t = time (sec.). 
r = radius of particle (cm.). 
d, = density of particle. 
d, = density of suspending me- 
dium. 
viscosity of suspending 
medium. 
gravitational constant. 


7 = 


In the application of Stokes’ law, 

‘ the particles are assumed to be 
spherical because this is the most 
logical basis for calculation. 

(A) Green Stain: After the de- 
termination of the specific gravity 
by means of a LeChitelier flask, 
the proper calculations were made 
and the stain was allowed to settle 
in water. In the first series of 
separations, the stain was divided 
into the following four fractionations: 
<5 microns, 5 to 15 yw, 15 to 254, 
and 25 to 45 yu. Twelve to 15 sepa- 
rate settlings and decantations were 

required in each case to remove the particles of the 
desired size in the supernatant liquid. The decanted 
liquid from each settling was filtered to remove the 
solid material from the suspension, and each fraction 
was washed with hot water to insure the complete re- 
moval of all soluble matter. 

To obtain particles in the extremely fine range, the 
excess of the 15- to 25-y and of the 25- to 45-u fractions 
was ball milled for approximately 150 hours. The 
color stain was passed fifteen successive times through 
a Premier colloid mill operating at 17,000 r.p.m. with 
disks set 0.002 in. apart. As it is rather difficult to re- 
move particles finer than 5 u by methods of filtration, a 
Sharples supercentrifuge was utilized to effect these ex- 
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Fic. 3.—Green stain fractions: (A) <5yu; (B) 5to liu; 
(D) 25 to 344; all X350. 


tremely fine fractionations. To facilitate the satisfac- 
tory operation of the centrifuge, particles of 1u and 
less were removed by decanting the supernatant liquid 
from a suspension of the foregoing finely ground stain, 
after the proper settling time had elapsed. 

In the operation of the centrifuge, the size of the par- 
ticles removed from the suspension depends on the rate 
of flow of the liquid into the centrifuge and the speed 
of the centrifuge as given by the following formula: 


i= 
3.81(d; — dy)w*r* 
Where » = viscosity of liquid. 
1941) 


X; = radius of centrifuge bowl. 

X, = radius of air core in bowl. 

r = radius of largest particle 
kept in the bowl (i.e., 
particles smaller than 
r are thrown out with 
the suspension). 

d, = density of suspended par- 
ticles. 

d, = density of fluid. 

w = speed (revolutions per 
sec 


it = time (sec.). 


The fraction containing particles 
of a diameter of 1 mw and less was 
separated into two parts, one being 
0.5 to 1.0 w and the other 0.0 to 
0.5 uw. To bring about this separa- 
tion, it was necessary to run the 
centrifuge at 12,000 r.p.m. with the 
rate of liquid flow at 1128 cc. per 
min. All of the particles of 0.5 4 and 
less, in this case, would pass through 
the centrifuge. Particles between 
0.5 ¢ and 1.0 win size were deposited 
on the collecting cylinder in the 
centrifuge; these particles were 
washed out of the cylinder and dried. 
The suspension containing particles 
of 0.5 wand less was then run through 
the centrifuge operating at a speed 
of 45,000 r.p.m., which removed 
practically all of the particles in the 
suspension. These particles were 
then washed out of the cylinder and 
dried. Each fraction was examined 
with a microscope and photomicro- 
graphs were made of representative 
fields. 

(B) Blue Stain: The blue stain 
could not be properly dispersed in 
water, but after several organic liq- 
uids were tried, ethyl alcohol was 
found to be an effective medium for 
a satisfactory dispersion of the blue 
stain. Otherwise the same pro- 
cedure was carried out to obtain the 

1 i various fractionations of the blue 
(C)15to254; stain as that outlined for the green 
stain. 


(4) Preparation and Composition of the Frit 

The clear frit batch given in Table II was carefully 
weighed, screened through a No. 20 sieve, and thor- 
oughly mixed in a rotary mixer. Four 50-pound 
batches of the given composition were smelted sepa- 
rately at 2000°F. in a laboratory-type rotary smelter, 
and the resulting frits were thoroughly mixed. 


Taste II 
Frit COMPOSITION 


Feldspar Soda niter 


Borax Fluorspar 
Cryolite 
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(5) Sizing of the Frit 

To ascertain the effect of variations of the frit par- 
ticle size on the resulting color, several separations were 
made to include particles of less than 5 uw up to par- 
ticles that were retained on a No. 115 sieve. The frit, 
previously described, was thoroughly dried and ground 
dry in a 5-kg. ball mill. For the separations in the 
coarser range (sizes above 45 yu), standard wire sieves 
were used. The following separations were made in the 
coarser range: 


Sieve No 
Separation No Through On (s) 
1 100 115 125-150 
2 115 150 105-125 
3 150 170 88-105 
4 170 200 74— 88 
5 200 325 44— 74 


Separation was effected by agitating nested sieves in a 
standard Ro-Tap machine for 30 minutes. 

For those particles passing through a No. 325 sieve, 
separations were made by settling and decantation 
methods (previously described). Owing to the solu- 
bility of enamel frits in water, particularly the finer 
particles, some other suspending agent was desired, 
and ethyl alcohol was found to be the most satisfac- 
tory of the various liquids tried. The frit in the finer 
range was separated into four fractions, namely, < 54, 
5 to 15 yp, 15 to 25 w, and 25 to 45 uw. 


(6) Preparation of Test Specimens 

One half of a ground-coated, sheet-steel test piece, 4 by 
6 in. in size, was covered with white enamel so that a 
reflectance of 70% was obtained. One half of the 
piece thus gave the effect of a colored enamel directly 
over a ground coat, whereas the other half gave the 
effect of a colored enamel over a normal white surface. 


(7) Preparation and Application of Various 

Colored Enamels 

In the selection of the various mill batches, it was 
desired to show (1) the effect of variations in the fine- 
ness of milling on the resulting color in the normal 
commercial range, (2) the color effect resulting from 
the various sized frit and color fractions, and (3) the 
effect of the various sized color-particle fractions in a 
normally ground frit. The samples in all cases were 
sprayed at 30, 45, and 65 gm. per sq. ft. and fired at 
1500°F. for 3 minutes. 

(A) Normal Milling: Various enamel batches were 
made with the unsized frit, 6% of clay, and 3% of the 
normally prepared color stains. These enamels were 
milled to a commercial fineness'® of 15 to 16% on a No. 
200 sieve, 5 to 6% on a No. 200 sieve, and 0 to 1% ona 
No. 325 sieve. 

(B) Variable Frit and Variable Color: For these 
enamel batches, 6% of clay and 3% of a sized color 
stain were milled wet for 30 minutes with the sized 


A. I. Andrews, Enamels, pp. 239. Twin City Printing 
Co., Champaign, Ill. 1935. 428 pp.; Ceram. Abs., 14 
[7] 158 (1935). 
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Taste III 
VARIABLE FRIT AND VARIABLE CoLor Stain 
BATCHES 
Color 
Batch particle size 
No. Through On 
Ist series 
1 200 325 (44-47 xu) 25-45 
2 oe “ “ “ 15-25 
4 “ “ <5 
2d series 
7 100 115 (125-150 ») <5 
8 150 170 ( 88-105 
9 200 325 ( 44— 74 
10 25-45 uw ‘ 
11 15-25 
12 5-15 
13 <5 
3d series 
14 5-15 uw 25-45 
15 — 15-25 
16 5-15 
17 Wee <5 
18 0.5-1.0 
19 — 0.0-0.5 


frit particles. The various combinations for each stain 
are given in Table III. 

(C) Normal Frit and Sized Color Particle: In this 
series, it was desired to find the effect of various per- 
centages of the different sized color particles when used 
with normally ground, unsized frit. The frit was 
ground dry to a fineness of 10% on a No. 200 sieve and 
milled with the sized color particles in the various com- 
binations as set forth in Table IV. In conjunction 
with this series, microscopic examinations were made 
of several of the commercial color stains; photomicro- 
graphs were also made of two of the green and two of 
the blue commercial colcr oxides. 


TABLE IV 
PERCENTAGE ADDITIONS OF CoLor STAIN 

No. Color stain (%) Sized fraction color stain (s) 
1 1'/, 15-25 

2 3 aa 

3 6 

4 5-15 

5 3 

6 6 

7 1'/; <5 

d 

9 6 


* Frit, 10% on 200-mesh used throughout. 


(8) Color Characteristics 

The color characteristics of all samples (Table IV) 
were determined on a General Electric spectrophoto- 
metric photometer equipped witn a monochromator 
so that a continuously recorded color curve was ob- 
tained showing the actual amount of light reflected at 
each individual wave length throughout the entire 
range of the visible spectrum. 
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Ill. Results 


In this consideration of the results, the topical pro- 
cedure is in the same order as the outline of experi- 
mental details. 


(1) Normal Milling 


As the enamels were milled finer, a lighter color was 
obtained with both the blue and the green enamels. 
The effect of milling, however, was more pronounced 
on the blue enamel than on the green, as is shown in 
Fig. 1; where the blue shows a variation of 10% in 
reflectance in the blue portion of the spectrum, the green 


Fic. 4.—Blue stain fractions: (A) <5y; (B) 5to 154; (C) 15 to 25 yw; (D) 


25 to 454; all 
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shows less than 4% of variation in its respective spec- 
tral wave length. 


(2) Variable Frit and Variable Color Particle 


The photomicrographs that were made of each of the 
different frit fractions are shown in Fig. 2 (A, B, C, and 
D). All photomicrographs were made at a magnifica- 
tion of 350, each small unit on the superimposed 
scale being equivalent to 3y4. An examination of 
these pictures shows definite fractional differences. 

Photomicrographs were also made of each corre- 
sponding fraction of the blue and of the green stains. 
The pictures of the green stain are given in Fig. 3 
(A, B, C, and D), and those of the 
blue stain are given in Fig. 4 (A, B, 
C, and D). 

(A) Green Color Samples: In the 
first series, sized frit particles, 45 to 
75 wu, were selected as representative 
of the large frit particles, and the 
sized color particles were varied from 
25 to 454 down to 0 to0.5yu. These 
enameled panels show a decided 
change from a grayish-green mottled 
appearance when 25- to 45-y sized 
color particles are used to a deep rich 
green with the color fraction of less 
than 5y. By further decreasing the 
size of the color particles to diameters 
of less than 1 y, or into the range of 
the wave length of green light, the 
deep rich green color is destroyed 
and a decidedly lighter green is ob- 
tained. 

The spectrophotometric curves, 
Nos. 1, 2, 3, and 4 in Fig. 5, show the 
increase in color saturation as the 
size of the color particle is decreased. 
Curves Nos. 5 and 6 in Fig. 5 also 
show the decided lightening effect 
produced by a further decrease in the 
size of the color particle. The group 
of curves in Fig. 6 shows the effect 
when this same enamel is applied at 
45 gm. per sq. ft. It is interesting 
to note that curve No. 4 in Fig. 6 is 
almost identical with curve No. 4 in 
Fig. 5 but that the enamels containing 
the larger-sized color particles show 
a decided decrease in covering power 
at the lower weights of application. 
The curves in Fig. 7 show the effect 
of various weights of application of 
the enamel both over the ground coat 
and over the white cover enamel. To 
indicate the effect of variations in the 
size of the color particle in enamel 
applied directly over the ground coat, 
the spectropkotometric curves in 
Fig. 8 were included. 

In the second series of samples, 
the color particle was kept constant 
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at the desired size of less than 5 yu, which was pre- 
viously indicated, and the effect of sized frit fractions 
was studied. The effect of applying these enamels 
at 65 gm. per sq. ft. over white is shown by the 
spectrophotometric curves in Fig. 9. Although there 
is considerable difference in the size of the frit par- 
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Wave length (mu) 


Fic. 5.—Frit particle, 45 to 754; variable green 
color particle (65 gm. per sq. ft. over white). 


Curve No Color Curve No Color 
l 25-45 4 <5 
2 15-25 5 0.5-1.0 
3 5-15 6 0.0-0.5 
| j } | / | 
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Reflectance (%) 


400. 450 500 550 600 650 700 
Viave length (mu) 


Fic. 6.—Frit particle, 45 to 754; variable green 
color particle (45 gm. per sq. ft. over white). 


Curve No. Color (x) Curve No. Color («) 
1 25-45 qd <5 
2 15-25 5 0.5-1.0 
3 5-15 6 0.0-0.5 
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ticles for curve No. 1 (45 to 75 yw) and curve No. 2 
(15 to 25 yw), there is actually little difference in the re- 
sulting color curves. This likewise proved to be the 
case even when the frit particle size was increased to 
150 (through No. 100 on No. 115 sieve). Curves 
No. 3 and 4 (Fig. 9) run approximately parallel to 
curve No. 2, which indicates that the effect of decreas- 
ing the frit particle diameter is comparable to the effect 
obtained by the addition of an opacifier to a colored 
enamel. Similar effects are shown by the curves in 
Fig. 10 when enamel is applied at 45 gm. per sq. ft. 

In the third series, the 5- to 15-y frit fraction was 
selected as representative of the finely milled frit, and 
the effect of the various sized color fractions on the re- 
sulting color was determined. The curves in Fig. 11 
again show the decided effect that variations in the 


Reflectance (%) 


400 450 500 550 600 650 700 
Wave length (mu) 


Fic. 7.—Frit particle, 45 to 75 uw; green color 
particle, <5; application weight over white for 
curves Nos. 1, 2, and 3, respectively, 30, 45, and 65 
gm. per sq. ft.; application over ground coat for 
curves Nos. 4, 5, and 6, respectively, 30, 45, and 65 
gm. per sq. ft. 
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Fic. 8.—Frit particle, 45 to 754; variable green 
color particle (65 gm. per sq. ft. over ground coat). 


Curve No Color («u) Curve No. Color (x) 
l 25-45 4 <5 
2 15-25 5 0.5-1.0 
3 5-15 6 0.0-0.5 
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size of the color particle have on the resulting green 
color. Similar results are shown in Fig. 12 when enamel 
is applied at 45 gm. per sq. ft. 

(B) Blue Color Samples: In the first series, the size 
of the frit particle was kept constant (45 to 75 uw) and 
the size of the color particle was varied from 25 to 45 yu 
down to 6 to 0.5 4. This field of samples shows the 
change from a mottled gray-blue with the large color 
fraction to a deep blue with the less than 5-y fraction, 
and then a lighter gray-blue as the color particle size 
was further decreased to the 0.5- to 1.0-u and the 0- to 
0.5-p fractions. In Fig. 13, curves Nos. 1, 2, 3, and 4 
show the increased darkening and the changes occurring 
when the size of the color particle was decreased from 
25 to 45 uw to less than 5y. The curves cross over ap- 
proximately at a wave length of 460 my, and, as the size 
of the color particle was decreased, increased reflectance 
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Fic. 9.—Green color particle, <5; variable frit 
particle (65 gm. per sq. ft. over white). 


Curve No. Frit Curve No Frit 
1 45-75 3 5-15 
2 15-25 4 <5 
30 
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Fic. 10.—Green color particle, <5; variable frit 
particle (45 gm. per sq. ft. over white). 


Curve No. Frit («) Curve No. Frit (yz) 
1 45-75 3 5-15 
2 15-25 4 <5 
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was obtained in the blue portion of the spectrum and 
decreased reflectance in the green and red portions of the 
spectrum. A decided change occurs as the particle 
size is reduced from the 5- to 15-y fraction to the frac- 


Reflectance (%) 
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Fic. 11.—Frit particle, 5to 154; variable green color 
particle (65 gm. per sq. ft. over white). 


Curve No Color Curve No. Color 
l 25-45 4 0.5-1.0 
2 5-15 5 0.0-0.5 
3 <5 


Reflectance 


400 450 500 550 600 650 700 
Wave length (mu) 


Fic. 12.—Frit particle, 5 to 154; variable green 
color particle (45 gm. per sq. ft. over white). 


Curve No. Color («) Curve No. Color («) 
1 25-45 4 0.5-1.0 
2 5-15 5 0.0-0.5 
3 <5 
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tion of less than 5 wu. Curves Nos. 5 and 6 show the 
effect of further decrease in the size of the color par- 
ticle. These same general characteristics are also 
shown by the curves in Fig. 14 when the enamel was 
applied at 45 gm. per sq. ft. The spectrophotometric 
curves in Fig. 15 show the effect of different weights of 
application of the 45- to 75-u frit and the color particles 
of less than 5 win size. It is interesting to note that a 
difference of 14% reflectance is obtained in the blue 
portion of the spectrum between the applications at 
65 gm. per sq. ft. and at 30 gm. per sq. ft. 

In the second series, the blue color particles were 
held constant at less than 5, and the size of the frit 
particles was varied. The enameled samples in general 
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Fic. 13.—Frit particle, 45 to 754; variable blue 
color particle (65 gm. per sq. ft. over white). 


Curve No. Color Curve No. Color 
1 25-45 4 <5 
2 15-25 5 0.5-1.0 
3 5-15 6 0.0-0.5 
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Fic. 14.—Frit particle, 45 to 754; variable blue 
color particle (45 gm. per sq. ft. over white). 


Curve No. Color («) Curve No. Color (x) 
1 25-45 4 <5 
2 15-25 5 0.5-1.0 
3 5-15 6 0.0-0.5 
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showed a marked change as the size of the frit particle 
was decreased. The color changed from a dark -iue, 
when large frit particles were used, through various 
shades of blue to a light blue with the frit fraction of 
less than 5y. The effect of applying these enamels at 
65 gm. per sq. ft. over white is shown by the curves in 
Fig. 16. Curves Nos. 1 and 2 show the decided effect 
of decreasing the frit particle from 45 to 75 to 15 to 
25. With a further decrease in the frit particle size, 
the blue color was uniformly lightened, as shown by 
curves Nos. 3 and 4, which are approximately parallel 
to curve No. 2. An increase of between 15 and 20% 
in actual reflectance occurred when the frit particle 
size was decreased from the 5- to 15-u fraction to that 
of less than 5y. The effect of applying this enamel at 
45 gm. per sq. ft. is shown in Fig. 17. These curves 
are comparable to the application of 65 gm. per sq. ft. 
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Fic. 15.—Frit particle, 45 to 75 uw; blue color 
particle, <5 uw (over white); variable application 
weight; curves (gm. per sq. ft.): No. 1, 30; No. 2, 
45; No. 3, 65. 
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Fic. 16.—Blue color particle, <5 yu; variable frit 
particle (65 gm. per sq. ft. over white). 


Curve No. Size (uz) Curve No. Size (s) 
1 45-75 3 5-15 
2 15-25 4 <5 
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except that they uniformly show a greater reflectance 
owing to the decreased weight of application. The 
curves in Fig. 18 show the result of applying this same 
enamel (<5-u color particle and variable frit particle) 
over a ground coat at 65 gm. per sq. ft. This set of 
curves shows the decided increase in covering power 
obtained as the frit particle size was decreased. The 
marked change between the 5- to 15-y frit fraction and 
that of less than 5 yw again is clearly shown. 

In the third series of blue samples in which the 5- to 
15-y frit fraction was kept constant and the sized color 
fractions varied, a change was shown from the slightly 
mottled appearance with the color fractions of 15 to 
25 uw and of 5 to 154 to a homogeneous color with the 
fraction of less than 5y. Although curves Nos: 1 and 
2 in Fig. 19 are similar, curve No. 3 shows a darker 
blue, which is to be expected owing to the disappear- 
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Fic. 17.—Blue color particle, <5 4; variable frit 
particle (45 gm. per sq. ft. over white). 


Curve No. Size (z) Curve No. Size () 
1 45-75 3 5-15 
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Fic. 18.—Blue color particle, <5 4; variable frit 
particle (65 gm. per sq. ft. over ground coat). 


Curve No. Size (u) Curve No. Size (u) 
1 45-75 3 5-15 
2 15-25 4 <5 
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ance of the mottled effect. Exactly similar charac- 
teristics are shown by the curves in Fig. 20 in which 
45 gm. per sq. ft. were applied. 


(3) Normal Frit, Sized Color Particle 


The results in this series of samples were obtained 
by adding different percentages of the sized color stain 
to a normally ground, unsized frit. This frit was 
ground dry to a fineness of 10% on a No. 200 sieve. 

(A) The Green Series: The various spectrophoto- 
metric curves for different percentage additions of the 
sized color stains are shown in Fig. 21. Curves Nos. 
1, 2, and 3 in Fig. 21 show the progressive deepening 
of the color as 1.5% of the different sized fractions was 
added. The same change is indicated in curves Nos. 
4, 5, and 6 for the additions of 3% of stain and in 
curves Nos. 7 and 8 for those with an addition of 6%. 
By comparing curves Nos. 1, 4, and 7; curves Nos. 2, 
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Fic. 19.—Frit, 5to 15,4; variable blue color particle 
65 gm. per sq. ft. over white). 
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Fic. 20.—Frit, 5to 154; variable blue color particle 
(45 gm. per sq. ft. over white). 


Curve No. Color (s) 
1 15-25 
2 5-15 
3 <5 
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5, and 8; and curves Nos. 3 and 6, the effect is shown 
of increasing percentages of the same sized color stain 
to the normal unsized frit. This group of curves 
shows, furthermore, that 1.5% of the fraction of less 
than 5y gives more green coloration than 3% of the 
15- to 25-y fraction and that 3% of the fraction of 
less than 5y gives a color showing a higher degree of 
saturation than 6% of either the 15- to 25-u fraction 
or that of 5 to 15 u. 

(B) The Blue Series: When various percentages of 
the sized blue stain were added to the normally ground 
frit, similar characteristics were obtained as shown with 
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Fic. 21.—Normal frit, variable percentage; 
variable green color particle (65 gm. per sq. ft. over 
white). 


Curve No. (%) Size (u) Curve No. (%) Size (u) 
1 1'/, 15-25 5 3 5-15 
2 1'/; 5-15 6 3 <5 
3 1!/, <5 7 6 15-25 
4 3 15-25 s 6 5-15 
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Fic. 22.—Normal frit, variable percentage; 


variable blue color particle (65 gm. per sq. ft. over 
white). 


Curve No. (%) Size (u) Curve No. (%) Size (x) 
l 1'/, 15-25 6 3 <5 
2 1'/, 5-15 7 6 15-25 
3 1'/, <5 8 6 5-15 
4 3 15-25 9 6 <5 
5 3 5-15 
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the sized green color particles. In Fig. 22, curves Nos. 
1, 4, and 7 show the effect of increased percentages of 
the 15- to 25-u fraction; curves Nos. 2, 5, and 8, the 
effect of the 5- to 15-u fraction; and curves Nos. 3, 6, 
and 9, the effect of the fraction of less than 5 yu. 

The addition of color particles larger than 5 yu either 
to the sized or unsized normally ground frit particles 
seriously impaired the color efficiency of the enamel 
surfaces. 

Microscopic examinations were made of several of 
the commercial color oxides. Photomicrographs of 
two of the commercial green color oxides are presented 
in Fig. 24, A and B, and those of two of the commercial 
blue color oxides in Fig. 24, C and D. Each small 
division on the superimposed scale is equivalent to 3 yp. 
These photomicrographs show that, in these com- 
mercial color oxides, there are numerous particles over 
10 uw in size and several particles larger than 45 yp. 


IV. Analysis and Summary of Results 

From a consideration of the results obtained with the 
colored enamel coatings prepared by the normal 
methods of milling with the regularly prepared color 
stains, a greater variation in the spectrophotometric 
curves occurred when the blue enamels were milled 
finer than when the green enamels were milled to a 
similar degree of fineness. 

From the study of the effects on color of variations 
in the sized frit particles and the sized color particles, 
the optimum combination of the frit and color par- 
ticles was determined. Large-sized frit particles (45 to 
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Fic. 23.—Representation of color and frit parcicles. 
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100 4) and sized color particles of between 1 yw and 5 yw 
gave the deepest color characteristics with both the 
blue and the green enamels. An enamel, however, 
containing frit particles of a diameter of 75 to 100 u 
was found difficult to spray and gave a. poor surface on 
firing. A difference, moreover, was noticed in the 
maturing temperatures and the time of firing of those 
enamels containing large-sized frit particles in com- 
parison with those containing the smaller sizes (5 to 15 u 
and smaller). 

For the green enamels, variations in the size of the 
color particles had the most marked effect on the color 
characteristics; with the blue enamels, however, varia- 


Fic. 24.—Commercial color oxides: 


(1941) 


A and B green; C and D blue; 
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tions in the size of the frit particles had a greater effect. 
For the proper control of the color characteristics of the 
green enamels, therefore, careful consideration should 
be given to the size of the color particles because an ap- 
preciable amount of 15- to 45-4 color particles will 
cause wide variations in the resulting color. With the 
green enamels, variations in the size of the frit particle 
are also important and should be controlled. Although 
variations in the size of the frit particles did not affect 
the resulting color as much as variations in the size 
of the color particles, the size of the frit particles never- 
theless should be controlled in order to obtain consistent 
color characteristics. With the blue enamels, varia- 
tions in the size of the frit fractions 
brought about a greater difference 
in color characteristics than varia- 
tions in the size of the color particles. 
Even so, the size of the blue color 
particles should be controlled to ob- 
tain the maximum color uniformity. 

By the hypothetical representation 
of frit and color particles (Fig. 23), 
the resulting color effects obtained 
in this investigation can probably be 
explained. In the case as shown in 
Fig. 23(a), in which large frit par 
ticles are associated with small color 
particles, the relative surface area of 
the frit is small and the color is con- 
centrated in the interstices of the 
frit. Figure 23(d) shows that when 
both the frit and color particles are 
smal], the frit surface area is greatly 
increased, the color is essentially di- 
luted, and considerable bubble 
opacity is developed. A mottled 
appearance is then obtained with 
large-size color and frit particles, Fig. 
23(c). When the color particle is 
large and the frit small (Fig. 23()), 
the coler is still mottled and lighter 
than in the preceding case as each 
color particle is surrounded by a 
greater depth of frit particles. 

One explanation for the apparent 
difference in the color effects of the 
green and the blue particles would be 
that the green particles are essen- 
tially insoluble and their action is 
largely physical whereas with the 
blue particles, there is not only a 
physical action but also a chemical 
transformation from the metastable 
cobalt aluminate to the stable cobalt 
silicate. 

The results of this investigation 
also show that to obtain the maxi- 
mum effect from a given color stain, 
the color particles should not be 
ground too finely. This is shown 
graphically by plotting the recipro- 
cal of the reflectance at the charac- 


“« 
FA. 
on 
‘ 
4 
L 
@ 


310 


° 


Reciprocal reflectance (x10) 


0.30 
i 
\ 
| 
| 
020 i l 
30 25 20 /§ /0 5 0 


Particle size (u) 


Fic. 25.—Reciprocal reflectance per green color 
particle size (u); curve No. 1, 45- to 75-u frit; curve 
No. 2, 5- to 15-n frit. 


teristic spectral wave length in relation to the particle 
size of the coloring agent. These results (Fig. 25) in- 
dicate the increased color effects obtained as the size 
of the color particles is reduced to 2.5 4 and then the 
rapid decrease as the color particles are further de- 
creased. By comparing curves Nos. 1 and 2 in Fig. 
25, itis further shown that the 45- to 75-y frit particles 
gave a deeper resulting color than those of 5 to 15 yu. 

Similar results are also shown by plotting the values 
obtained for the blue stain. The maximum coloring 
effect again is reached at 2.5 uw (Fig. 26) and then de- 
creases rapidly as the particle size of the color stain is 
further decreased. By comparing the relative maxi- 
mum points for each respective sized frit fraction in 
Figs. 25 and 26, it is indicated, as previously mentioned, 
that variations in the size of the frit particles affect the 
blue stain more than the green. 

These results, obtained from plotting the reciprocal 
reflectance against the sized color fraction, clearly indi- 
cate that increased attention should be given to the 
particle sizes of the coloring agent. Not only does a 
small amount of the larger-sized color particle seriously 
impair the color characteristic of a specific oxide but 
too fine a color particle will likewise decrease the color 
efficiency. A process of water elutriation or centri- 
fuging could undoubtedly be used to good advantage 
in the commercial preparation of more uniformly sized 
color stains. 

Satisfactory enamel panels, exhibiting no tearing, 
were made with the extremely fine frit fractions (every 
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Fic. 26.—Reciprocal reflectance per blue color 
particle size (u); curve No. 1, 45- to 75-p frit; curve 
No. 2, 5- to 15-m frit. 


particle less than 5 4) without resorting to additions of 
sodium nitrite or similar electrolytes or any process of 
calcination. It is thus indicated that tearing is not 
necessarily inherently dependent on the size of the par- 
ticle but rather on the degree of frit solution. 

From the results of the various percentage additions 
of the sized color stain to a normally ground frit, it was 
found that two to three times as much of the 5- to 15-u 
and the 15- to 25-y fractions of color stain were required 
in order to obtain comparable color effects as when the 
color fraction of less than 5 wu was used. 

Owing to the fact that several commercial color stains 
were exainined and that an appreciable residue in many 
cases was found on a No. 325 sieve and because of the 
deleterious effect even 15- to 25-y color particles have 
on the development of a deep rich color, it is necessary 
that more careful consideration should be given to the 
particle size of the commercial color oxides. 
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Abrasives 


Metallurgy of surface finish, J. Wutrr. Proc. Conf. 
Friction and Surface Finish, pp. 13-21 (June, 1940); 
abstracted in Bull. Brit. Non-Ferrous Metals Research 
Assn., No. 138, p. 332 (Dec., 1940).—To ascertain the 
depth and nature of the deformation induced by such 
finishing processes as grinding, lapping, superfinishing, 
etc., the surfaces were studied by electron diffraction, 
microscopic examination, and corrosion tests; fatigue, 
friction, and running in were also studied. 18/8 stainless 
was used for all the investigations except the metallo- 
graphic examination which was mace on beta brass and 
bronze. See “‘Surface ... ,” Ceram. Abs., 18 [6] 144 
(1939). 


SEPARATE PUBLICATION 


Grinding-Wheel Specifications for Grinding Machines. 
CarBoruNDuM Co., Lrp. Brochure, 131 pp., 1940; 
reviewed in Bull. Brit. Non-Ferrous Metals Research 
Assn., No. 139, p. 13 (Jan., 1941).—Types of wheels for 
grinding machines supplied by numerous British and 
American companies are listed. 


PATENTS 


Abrasive article. R. P. Cariton (Minnesota Mining 
& Mfg. Co.). Can. 397,131, June 10, 1941 (Jan. 31, 
1936). G.M.H. 
Abrasive article and backing. Bert S. Cross (Minne- 
sota Mining & Mfg. Co.). Can. 397,475, Jume 24, 1941 
(Dec. 13, 1938; in U. S. Dec. 13, 1937). G.M.H 
Abrasive article and method of R. P. CARLTON 
AND T. J. MILLER (Minnesota Mining & Mfg. Co.). U.S. 
2,248,853, July 8, 1941 (June 1, 1933; June 3, 1940). 
Abrasive article and method of manufacturing. H. V. 
ALLISON (Allison Co.). U. S. 2,248,031, July 1, 1941 


(Nov. 2, 1940).—A method of making an abrasive article 
comprises reducing rubber to a fluid, forming a hetero- 
polymer by reacting the fluid with an alpha-beta un- 
saturated carbonyl compound while retaining the mass at a 
temperature approximately between 60° 


and 70°C., 
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mixing abrasive grain and sulfur with the heteropolymer, 
shaping articles from the mass, and curing the shaped 
articles. 

Abrasive body and manufacture thereof. S.S. Kisr_er 
(Norton Co.). U. S. 2,249,278, July 15, 1941 (May 28, 
1936). 

Abrasive manufacture. B.S. Cross (Minnesota Min- 
ing & Mfg. Co.). Can. 396,823, May 27, 1941 ‘or 31, 
1936). M.H. 

Abrasive separating and cleaning eer R. B. 
Huyett (Pangborn Corp.). U.S. 2,247,385, July 1, 1941 
(July 1, 1938). 

Buffing compound. R. V. Twywninc (J. C. Miller Co.). 
U. S. 2,246,554, June 24, 1941 (Feb. 27, 1939). 

Buffing machine. W. De F. Apport (Vanott Machine 
Corp.). U.S. 2,249,699, July 15, 1941 (Nov. 9, 1939). 

Cam-burring apparatus. C. BAKER (Norton Co.). 
Can. 396,827, May 27, 1941 (April 6, 1939; in U. S. 


April 19, 1938). G.M.H. 
Cam-lapping machine. H. S. Inpce (Norton Co.). 

Can. 396,828, May 27, 1941 (April 6, 1939; in U.S. April 

13, 1938). G.M.H. 


Coating for manufacture of abrasives. R. P. CarLTon 
AND T. J. (Minnesota Mining & Mfg. Co.). U.S. 
2,248,064, July 8, 1941 (June 1, 1933; renewed March 31, 
1938). 

Crankpin grin tus. L. F. Kune. U. §&. 
2,249,388, July 15, 1941 (June 6, 1940). 
rankshaft grinder. FUGLIE AND Ore 
U. S. 2,247,344, June 24, 1941 (Aug. 31, 1939). 

Cylindrical grinding and lapping machine. H. S. 
INDGE AND G. E. HuLpert (Norton Co.). U.S. 2,248,353, 
July 8, 1941 (March 9, 1939). 

Cylindrical grinding machine. C.G. Fiycare (Norton 
Co.). Can. 396,977, June 3, 1941 (Dec. 9, 1939; in U.S. 
July 15, 1939). G.M.H. 

Flexible coated abrasive product. H. O. ANDERSON 
(Norton Co.). U.S. 21,852, July 15, 1941 (May 11, 1939); 
reissue of original U. S. 2,123,581, July 12, 1938 (Aug. 15, 
1936). 


‘ 
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Grinding machine. Grorce Crompron, Jr. (Norton 
Co.). Can. 396,826, May 27, 1941 (March 13, 1939; in 
U. S. March 16, 1938). G.M.H. 

Grinding machine. C. G. Frycare (Norton Co.). 
U. S. 2,247,228, Jume 24, 1941 (Oct. 2, 1939). F. J. 
THeLer (Cincinnati Grinders, Inc.). U. S. 2,249,065, 
July 15, 1941 (May 23, 1940). H. P. Trogenpiy (Asso- 
ciated Spring Corp.) aNnp A. B. Rumsey AND JOSEPH 
Boum (Gardner Machine Co.). U.S. 2,246,869, June 24, 
1941 (Feb. 23, 1939). 

Grinding valve stems and tappets. G. C. WiLHipe 
(Black & Decker Mfg. Co.). . S. 2,248,262, July 8, 
1941 (Aug. 9, 1938). 

Grinding wheel and mounting therefor. C.J. PHILuips. 
U. S. 2,248,382, July 8, 1941 (Sept. 30, 1940). 

Grinding wheel dressing mechanism. C. L. Orr, B. B. 
Bearp, AND H. E. Barsicer (Landis Tool Co.). U. S. 
2,248,463, July 8, 1941 (July 22, 1938). 

H machine. H. J. Catpwe tt (Barnes Drill Co.). 
U. §S. 2,247,479, July 1, 1941 (April 13, 1939). A. M. 
Jounson (Barnes Drill Co.). U. S. 2,247,502, July 1, 
1941 (Dee. 30, 1938). 

Lapping machine. M. G. Fiepier (Fiedler-Sellers 
Corp.). U. S. 2,247,994, July 1, 1941 (June 13, 1940). 
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H. S. InpcE anp W. H. Woop (Norton Co.). U. S. 
2,248,502, July 8, 1941 (Feb. 28, 1939). 

M abrasive bodies. J. A. Heany. U.S 
2,248,990, July 15, 1941 (Aug. 17, 1938). 

Manuf abrasive articles. S. S. Krister (Nor- 
ton Co.). U.S. 2,249,279, July 15, 1941 (Nov. 24, 1937). 

Metal-polishing apparatus. F. J. KAMPMRIER AND 
H. W. Jacosson (Ingersoll Milling Machine Co.). U. S. 
2,248,503, July 8, 1941 (March 13, 1939). 

zal profile grinding machine. R. M. Wou.rartx 
(A.-G. vorm. Seidl & Naumann). U. S. 2,248,446, July 8, 
1941 (June 10, 1939). 

Race grinder. M.A. HoLLencreen, Danre. Gurney, 
J. A. AND R. S. Jr. (Landis Tool Co.). 
U. S. 2,248,172, July 8, 1941 (June 17, 1938). 

Reli cutters. L. O. Cartsen (Gleason Works). 
U. S. 2,246,503, June 24, 1941 (May 24, 1940). 

grinding means. F.L. Capps. U. S. 2,248,- 
955, July 15, 1941 (Jan. 13, 1939). 

Tool for dressing grinding wheels. S. J. HARLEY AND 
J. E. Warnwreicat. U. S. 2,248,427, July 8, 1941 (March 
1, 1940). 

Volumetric control master cylinder. Homer T. Lam- 
BERT. Can. 396,734, May 27, 1941 (July 17, 1939). 

G.M.H. 


Art and Archeology 


American design awards. ANON. Architectural Forum, 
74 [6] 14 (1941).—Of Lord & Taylor’s annual awards of 
$1000 each, that for pottery was won by Glen Lukens, Los 
Angeles, and that for a refrigerator was won by Harold 
Van Doren, Toledo. Illustrated. M.E.P. 

Ceramic art of China. A. Ku. VestraLen. Keram. 
Sbornik, 1940, No. 9, pp. 1-5.—V. discusses Chinese 
ceramic art and its development from collections in the 
Russian Hermitage. M.V.C. 

Cleveland May show. Anon. Design, 42 [10] 8-9 
(1941).—The exhibition comprises 1200 objects. The 
craftwork is abundant and of high quality, with some 
particularly fine pottery and some even more unusual 
enamel. Illustrated. LS. 

Dali designs in for Steuben glass. JEANNETTE 
Lowe. Art News, 40 [8] 6 (1941).—‘The Sleep of Nau- 
tilus,”’ a copper-wheel etching design by Salvador Dali on a 
crystal cup, is described and illustrated. M.E.P. 

Funny clay people and animals. Design, 42 [9] 26-27 
(1941).—Photographs are presented. See “Creative... ,”’ 
Ceram. Abs., 20 [7] 162 (1941). L.S. 

Glass painter ter von Andiau. J. L. Fiscuer. 
Diamant, 62 [17-18] 111-15 (1940).—Andlau (about 1425 
to 1500), city councilor of Strasbourg, besides being a 
glazier, created a great number of stained-glass windows in 
churches and buildings. A biography and a list of his 
works are given. M.H. 

Arthur Hurst bequest of European porcelain and pottery. 
W. Kino. Brit. Museum Quart., 14 [4] 78-79 (1940).— 
Arthur Hurst of Yerk, who until his recent death was the 
doyen of collectors of European ceramics in England, be- 
queathed part of his collection to the British Museum. 
Three pieces are illustrated: (1) a tureen and cover of 
Chelsea porcelain in the form of a boar’s head (10 in.), 
(2) a vase (8'/, in.) with Chinese figures of Chelsea porce- 
lain, with the red anchor mark, and (3) a vase (143/, in.) 
of Longton Hall porcelain ‘‘filled’’ with flowers of the same 
material. All three pieces are circa 1755. Four other 
pieces are mentioned, including an 18th century Dutch 
plate with the unrecorded mark of PICCARDT ry 

Mirror making. F. Hansen. Diamant, 62 [20-21] 
131-32 (1940).—H. presents a brief but interesting sketch 
of the art of making mirrors with mercury in the 18th 
century. See ‘Manufacture... ,’’ Ceram. Abs., 20[5]114 
(1941). M.H. 

Proposed method for designating color. FRANCIS 
ScoFIELD, Deane B. Jupp, AND RicHaRD S. HUNTER. 
ASTM Buil., No. 110, pp. 19-24 (1941).—A proposed 


tristimulus method of designating color is described to- 
gether with some of its applications. By this method, 
colors of opaque and transparent materials may be desig- 
nated numerically. Combined in the new system are such 
properties as (1) the relation by transformation equations 
to the standard I.C.I. system, (2) the choice of a chro- 
maticity diagram yielding approximately uniform chro- 
maticity scales and having an origin at the neutral point 
so that the appearance of a specimen may be easily visual- 
ized from the coordinates of its color, and (3) the oppor- 
tunity to compute coordinates of colors rapidly from set- 
tings on the respective samples taken by means of any 
one of several of the recently developed photoelectric 
tristimulus colorimeters. B.C.R. 


BOOK 


Pottery Craft. J. A. F. Drvive anp G. BLacurorp. 
F. Warne & Co., Ltd., London and New York, 1939. 86 

p., 135 illustrations. Price 3s 9d.—A guide to school 
children in elementary potting is presented. It is well 
written and clearly illustrated, and many little hints, e.g., 
the direction in which the wheel should rotate and the use 
of the thumb to stiffen or support the finger at certain 
stages in the throwing, greatly increase the usefulness of 
the text; some more important details such as the steps in 
the production of a slip for casting have been omitted, 
however, and should be included in the next edition. The 
book is particularly suitable for teachers and students of 
elementary ceramics in art schools. A.B.S. 


PATENTS 


Decalcomania label and sheet. Epwarp R. BuRNs 
(International Latex Processes, Ltd.). Can. 396,866, 
May 27, 1941 (May 6, 1939). G.M.H. 


Designs for: 

Bottle. B. Neat, Frepertck H. McADAMs, AND 

Everett E. Kenr. Can. 13,047, May 10, 1941. 

Gorpon K. Woopiey. Can. 13,074, June 4, 1941. 
G.M.H. 

Candlestick. C. W. Gusrxey (Imperial Glass Corp.). 

U. S. 128,113, July 8, 1941 (May 24, 1941). 

Cup. U. S. 128,242, July 15, 1941 

(Dec. 16, 1939). 

Decanter bottle. C. W. Neusspaum anp C. E. Mar- 

CHINO (Vincennes Packing Corp.). U.S. 128,303, July 

15, 1941 (June 22, 1940). 

Dinner plate. JoHNLeGrarre. U.S. 127,998, July 1, 

1941 (May 1, 1940). 


E 
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Drinking glass. Gorman, Eckert & Co., Can. 
13,043, May 5, 1941. G.M.H. 
Glass bottle. W. J. Lunpy (Olean Glass Co.). U. S. 
128,299, July 15, 1941 (April 9, 1940). 
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Jar. V. J. Scutirzer (Armstrong Cork Co.). U. S. 
128,305, July 15, 1941 (April 29, 1941). 
Plate. T. W. Osert (Iroquois China Co.). U.S. 128,- 
248, July 15, 1941 (May 7, 1941). 


Cements 
Barium Portland cements. V.F. ZHurRAvLEv. Prom. PATENTS 
Stroitel. Materialov, 2 [8] 26-28 (1940); Chem. Albs., 35 


3409 (1941).—Cements containing up to 50% of BaO and 
having the usual setting periods are practically obtainable; 
the cement containing 16% BaO is exceptional in that it 
setsin 2 min. BaO cements have high specific gravity and 
greater mechanical strength than Portland cement. They 
are considerably less permeable to X rays than Portland 
cement and can be substituted for lead in X-ray technique. 


Manufacture of cements from calcium sulfate and blast- 
furnace slag. J. S. DuNN AND VicTror LereBure (Im- 
perial Chemical Industries, Ltd.). U.S. 2,248,032, July 1, 
1941 (Feb. 23, 1939). N.E. WALLAce AND Victor Lere- 
BURE (Imperial Chemical Industries, Ltd.). U.S. 2,248,- 
033, July 1, 1941 (Feb. 23, 1939). 


Enamel 


Assemb enameled of e apparatus. Hvuco 
Scuuuze. Glashiitte, 71 [8] 110-11 (1941).—The enamel- 
ing of separate parts of apparatus and their assembly 
present special difficulties. Keeping exact measurements 
where there is little tolerance and maintaining a uniform 
thickness of the enamel coat are important. In the design 
and construction of such objects, sharp edges and deep 
crevices should be avoided. Screw threads may be cut 
before enameling and the threads protected by a special 
mass or a bolt with arms for removal screwed in, or a hole 
may be bored before enameling and the threads cut later. 
Valve seats should be conical. All finishing work on 
enameled ware requires great care. Certain defects pro- 
duced during the founding or casting of the metal objects 
can be corrected to some extent by the enameler before 
applying the enamel: roughness and junctures can be 
smoothed; unevenness can be corrected with a thicker or 
thinner coat of enamel; and, during firing, enamel can be 
equalized by withdrawing the object from the furnace to 
permit thinner sections to cool (the electric oven is ad- 
vantageous). Other defects in the metal, such as warpage, 
crookedness, and cracks, will produce flaws in the enamel. 
In fitting enameled parts, suitable packing and luting ma- 
terials should be used. Wherever metal is left exposed, 
it should be protected with a varnish. Assembly tables 
should be padded with felt or other soft material; for vises 
and machines, leather, wood, etc., are used. Enameled 
apparatus must be carefully packed and supported during 
transportation. M.V.C. 

Calcium oxide as a set-up agent for acid-resisting 
enamels. Grorce Srrovy AND E. P. Czoicos. Jour. 
Amer. Ceram. Soc., 24 [8] 248 (1941).—1 reference. 

Cause of pinholes and some related defects in enamel 
coatings on cast iron. C. A. Zaprre AND C. E. Sms. 
Jour. Amer. Ceram. Soc., 24 [8] 249-53 (1941).—8 figures, 
8 references. Discussion. G.H.Spencer-Srronc. Jbid., 
p. 254. Reply. C. A. Zaprre anp C. E. Sms. Ibid., 
pp. 254-56.—3 references. 

Efficient sandblasting. ANon. Better Enameling, 12 
[3] 26 (1941).—Molding-sand scale and broken down fines 
retard the cleaning action of metallic abrasives and greatly 
increase the rate of wear of the blasting machine. A 50% 
decrease in cleaning speed, increased wear on parts, and a 
less perfect cleaning operation may result. B.C.R. 
Enameling operations. Ep. Gorrz, Better Enamel- 
ing, 12 [5] 4-8, 23 (1941).—G. describes an enameling plant 
layout and the individual operations involved. B.C.R. 

Glass-coated metals. G. C. Ingegnere [Milano], 
1938, No. 6, p. 369; abstracted in Bibliografia Jtal., [11] 
IlI-IV [7-12] Ingegneria Sect., Abs. 1040 (1939).—A 
glass coating on metals is obtained by blowing on powdered 
glass heated to its fusion point. The glass coating is ap- 
plied principally to keels, bridges, reservoirs, etc., as a 
protecting material. V.S.pEM. 

Patents on enameling processes issued by the former 
Austrian government. P. Ever. Emailwaren-Ind., 18 
[9-10] 19-21 (1941).—A process for manufacturing opaci- 


fied enamels, glazes, etc., in which tin oxide is replaced by 
other compounds containing tin (such as calcium stan- 
nate) as opacifier, was patented. Calcium stannate free 
from water contains 72% tin oxide and replaces 100% tin 
oxide. One patent states that 1% calcium borate and 0.5 

tin oxide added to the mill have the same effect as 6% 
tin oxide. Natural compounds of zirconium, tin, beryl- 
lium, titanium, tungsten, tantalum, thorium, or rare earths 
can produce pure white opacified enamels, glazes, etc., 
in the presence of sufficient quantities of fluorine com- 
pounds, such as alkali fluorides, alkali fluosilicates, calcium 
fluoride, natural or synthetic cryolite, etc. Dolomite 
with little or no iron content can be used with zirconium 
oxide to opacify enamels much more cheaply than other 
materials containing magnesium oxide and very little iron; 
when calcium oxide is also added, opacification and gloss 
are still further enhanced. In a patented opacifier con- 
taining raw zirconium sand, the iron and titanium com- 
pounds are made harmless by calcining with phosphoric 


acid or soluble phosphates to 1000° to 1100°. See Ceram. 
Abs., 20 [8] 190 (1941). M.V.C. 
Rem impurities from the enamel slip. Le. 


Glashiite, 71 [9] 136, 145 (1941).—Impurities in the enamel 
slip may be caused by foreign substances in the raw ma- 
terials, particles of grog from the furnace lining, metallic 
precipitates of zinc-antimony alloys in strongly reducing 
atmospheres, iron from metal parts of the mill, dirt, etc. 
It was found that these impurities can be removed by 
screening through a 2500-mesh sieve (the electric Visko 
sivve). An examination of the residue on the Visko sieve 
showed that the finest particles of iron were not removed. 
The magnetic separator must be used to eliminate the iron. 
M.V.C 

“Shrinking” costs with automatic lain enameling. 
Davipson Enamet Co. Steel, 107 [27] 58-60 (1940).— 
Covering approximately 35,000 sq. ft. of floor space, a re- 
cently modernized porcelain enameling plant featuring 
much advanced practice is described. Automatic equip- 
ment conserves enamel and reduces handling costs and re- 


work. Illustrated. H.E.S. 
PATENTS 
Enamel. R. W. Goopwin (General Electric Co.). 
U. S. 2,247,196, Jume 24, 1941 (March 11, 1939).—An 


enamel free from lead and having a firing temperature and 
coefficient of expansion adapting it for application to the 
surfaces of glass electric lamp envelopes comprises about 
8 to 20 SiO, 4 to 12 SbzOs, 1 to 2 Al,O;, 0 to 6 ZrO, Ba and 
ZnO in a combined amount of about 12 to 18, 0 to 2 CaO, 
0 to 5 CdO, 3 to 6 CaP;, 0 to 2 Na,SiFs, 2 to 10 alkali oxides, 
and 30 to 45% B,Os. 

Making enamelware. C. J. Kinzie anp C. H. Com- 
MONS, Jr. (Titanium Alloy Mfg. Co.). U. S. 2,249,007, 
July 15, 1941 (Nov. 10, 1938).—A method of making white 
vitreous enamelware with coatings less in weight than 40 
gm. per sq. ft. and having a reflectance above 70 and sub- 
stantially greater than that producible with the frit used 
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and clay alone comprises milling a mixture of a white frit 
100 parts by weight having a basic reflectance above 60, 
clay, water, and not less than 10 parts by weight of an 
opacifier selected from the dioxides of the group consisting 
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to form the enamel slip, applying the slip to ground-coated 
ware in a thin film not exceeding 40 gm. per sq. ft. when 
fired, and firing the slip-coated ware at firing temperatures 
to produce the adherent vitreous enamelware. 


of zirconium, tin, titanium, hafnium, thorium, and cerium, Vitreous enameling process. A. L. Matrues. Can. 
the mixture being ground to a fineness where more than 397,056, June 10, 1941 (Aug. 22, 1939). G.M.H. 
95% of the particles thereof are less than 44 microns in size 

Glass 


Belgian methods of manufacture of mirrors. F. 
Jouannes. Diamant, 62 [11-12] 71-72 (1940).—J. de- 
scribes efforts to produce silver layers on glass mirrors 
electrolytically. The tearing and cracking of the deposit 
often experienced is avoided by roughing the surface of the 
glass on the edges; on the rough surface, the deposit ad- 
heres firmly, and the film will not break on contraction. 
Another method uses a Cu or other metallic deposit on the 
Ag which acts as protection for the latter. The mirror is 
brought into the bath in an oblique position and so held 
during the deposition; this eliminates eddies in the elec- 
trolyte and gives a more uniform deposit. Arrangements 
of bath tanks are described. M.H. 

Comparative tests of chemical glassware. Epwarp 
Wicuers, ALFRED N. FINN, AND W. STANLEY CLABAUGH. 
Jour. Researck Nat. Bur. Standards, 26 [6] 537-56 (1941); 
RP 1394. Price 10¢.—Results of comparative tests of the 
following four brands of chemical glassware are described: 
Tamworth-Glasbake, Kimble No. N5la, chemical Pyrex, 
and Vycor (Corning Glass Works’ 96% silica glass No. 
790). The brands were compared with respect to resist- 
ance to acid, alkaline, and nearly neutral reagents and to 
thermal and mechanical shock. The chemical composition 
and the thermal expansivity of each glass were also deter- 
mined. R.A.H. 

Cord analysis. J. C. TURNBULL AND L. G. GHERING. 
Jour. Amer. Ceram. Soc., 24 [8] 264-70 (1941).—9 figures, 
4 references. 

Determination of the valence of arsenic in glasses by 
means of chemical analysis. P. L. TSEKHOMSKAYA. 
Optiko Mekh. Prom., 10 [9] 9-10 (1940).—The method is 
based on the somewhat simplified icdometric titration 
method of E. A. Allen and E. G. Zies (Jour. Amer. Ceram. 
Soc., 1 [11] 787-90 (1918)). The glass sample is carefully 
treated with hydrofluoric and sulfuric acids in the presence 
of an oxidizing agent. Tables show the results of deter- 
minations. M.V.C. 

Development of a prestressed (toughened) glass insula- 
tor. P.M.Hocc. Jour. Inst. Elec. Engrs. [London], 87, 
615-24 (1940); see Ceram. Abs., 19 [10] 232 (1940). 

L.R.B. 

Dilatometric study of some ternary glasses. EDOUARD 
Rencker. Bull. Soc. Chim., 2, 1389-407 (1935); 
Chem. Abs., 29, 7167 (1935).—-The coefficient of dilatation 
and temperature of beginning of softening were deter- 
mined for the systems Si:0,-Na,O-Al,O; and SiO.-Na,O- 
BeO and for several glasses where the third constituent was 
replaced by CaO, MgO, and ZnO. In each system the re- 
placement of SiO, by any of the nonalkali oxides elevates 
the temperature of transformation in the decreasing order 
BeO, Al,O;, MgO, CaO, and ZnO. For all the glasses 
studied, except those high in Al,O;, the additivity law for 
the coefficient of dilatation was obeyed to within 3%. A 
series of new factors has been derived to calculate the co- 
efficient of thermal expansion of glass from the composi- 
tion by the Winkelmann and Schott formula. The ex- 
pansions calculated by the new factors agree more closely 
with the experimental values than those calculated by 
Winkelmann and Schott’s and English and Turner’s fac- 
tors. The factors (linear expansion) are SiO, 2 1078 
(the value was given as 2 X 107%, but it is believed to be 
a misprint), Na,O 37 1078, 3 X 10-8, BeO 2 X 
10-8, CaO 10 X 10-8, MgO 1 X 1078, and ZnO 4 X 107%. 

Flameless heating of glassmelting furnaces. N. P. 
KRASNIKOV. Stekolnaya Prom., 14 [10] 25-26 (1938).— 
K. describes experiments on the melting of briquettes of 


different types of batches to which soluble glass had been 
added. The shaft furnace is heated with purified pit gas. 
M.V.C 


Glass bottle mold production stepped up by contour bor- 
ing. Derrorr UnrversaL Dupiicator Co. Steel, 107 
[22] 70 (1940).—Absolute symmetry of mold halves 
and marked reduction of polishing time result from a new 
method of making cast-iron molds for glass bottles. The 
precision is accomplished by contour borings on a standard 
turret lathe equipped with a standard duplicating attach- 
ment to provide automatic control. Illustrated. H.E.S. 

History of equipment used for polishing optical glass. 
V. L. CHenakat. Optiko Mekh. Prom., 10 [1] 16-19 
(1940).—C. discusses the development of the polishing of 
transparent minerals and the equipment used from the 
time of Assyria and Babylon to the end of the 19th cen- 
tury. M.V.C. 

History of glass and its trades. J. ScHNITTGER. 
Diamant, 62 [14-15] 91-94; [16] 102-105 (1940).—The 
belief that the Phoenicians invented glass is refuted by the 
fact that the oldest known piece of glass, a bead, was found 
in an Egyptian tomb of the 35th century B.c. The art of 
glassmelting seems to have begun about 4000 B.c. in 
Egypt and Mesopotamia. The blower’s pipe originated 
about 250 sB.c. Glass windows were used first by the 
Romans in Pompeii; 33- x 54-cm. panes of fairly good 
glass have been found. S. describes the further develop- 
ment through the middle ages to modern times and the 
methods used for making windows and decorative objects 
of glass. M.H. 

Influence of chemical treatment on the surface of optical 
glass. H. Scuréper. Z. Tech. Physik, 22 [2] 38-43 
(1941).—S. presents a review of former work relating to 
the chemical treatment of the surface of glass. New ex- 
periments show that the surface layer is free of optical 
losses. This agrees with theoretical considerations which 
permit the computation of the index of refraction and the 
thickness of the layer. Data are checked by determining 
the reflection of the samples. The results may be corre- 
lated with the amount of constituents chemically removed 
from the glass. They are independent of the composition 
of the glass and its index of refraction. Variations in the 
values are due to the accumulation of moisture on the sur- 
face of the glass. W.M.C. 

Manufacture of aluminum mirrors. S. I. Levixov 
AND V. N. PozHpestveNsKI!. Optiko Mekh. Prom., 10 
[10] 11-14 (1940).—Different methods used for silvering 
glass are discussed, and attempts made to coat glasses 
(Pyrex brand, plate, and optical) with aluminum in a 
vacuum are described. M.V.C. 

Metal shapes for glass-block construction. Revere 
CopPerR AND Brass, Inc. Steel, 106 [10] 75 (1940).— 
A new method of erecting glass-block structures using pre- 
fabricated and interlocking metal members of bronze and 
aluminum alloy is described. The extruded shapes pro- 
vide a strong self-aligning framework enclosing and secur- 
ing each glass block into a rigid integral unit. Illustrated. 

.ES. 

Performance of glass insulators and comparisons with 
porcelain: I, Effect of a.-c. power arcs on glass and por- 
celain insulators. A. E. HeELDEN ANp C. E. R. Bruce. 
Jour. Inst. Elec. Engrs. [London!, 87, 625-40 (1940). 
II, Heating of insulators by solar radiation. A. M. 
Tuomas, M. V. GrirFirH, AND S. WHITEHEAD. IJbid., pp. 
640-45. III, Impact resistance of insulators. Jbid., pp. 
645-51. IV, Impulse electric strengths of glass and por- 
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celain. A. H. Davis anp W. G. Sranprinc. Jbid., pp. 
652-53. V, Performance of glass insulators in humid and 
polluted atmospheres. J.S. Forrest. JIbid., pp. 653-64. 
See Ceram. Abs., 19 [7] 160 (1940). L.R.B. 

Polythermal method of studying the crystallization 
tendency of glasses. K.G. KuMANIN AND E. Ya. Mv- 
KHIN. Optiko Mekh. Prom., 10 [1] 3-6 (1940).—Experi- 
mental data show that the polythermal methed for study- 
ing the crystallization tendency of glasses is reliable and 
fast. Tests on over 200 glasses of different types show 
that this method can be used successfully for studying 
other problems such as velocity of batch melting, tempera- 
ture of vitrification of glass, etc. Problems concerning the 
development of a suitable electric furnace are dealt with. 

M.V.C. 

Processes occurring during the grinding of glass. N.-I. 
Po.tyaKov. Optiko Mekh. Prom., 10 [11] 10-11; [12] 7- 
12 (1940).—P. briefly reviews various theories r ding 
processes taking place during glass grinding. Conclusions 
are as follows: (1) During grinding of glass, abrasive 
grains roll around and are not immobilized on the surface 
of the abrasive. (2) Asa result of the effect of the abrasive 
grain on the glass surface, the latter is covered with a net 
of small cracks in the interior of the glass; preceding this, 
glass particles are removed from the surfaces. (3) A 
completely ground surface consists of two layers, viz., 
(a) one consisting of the usual valleys and peaks, and ()) 
one consisting of a net of cracks in the interior of the glass 
just below layer a. (4) The grinding process does not 
depend upon the grain size of the abrasive. (5) The role of 
water during grinding is mechanical and chemical. See 
“Method ... ,”” Ceram. Abs., 20 [7] 167 (1941). M.V.C. 

Summary of work on atomic arrangement in glass. 
B. E. WarREN. Jour. Amer. Ceram. Soc., 24 [8] 256-61 
(1941).—6 figures, 9 references. 

Supervision of installations for handling the batch. 
ZsSCHACKE. Glashiitte, 74 [8] 108-10 (1941).—Important 
routine operations to prevent the batch from becoming 
contaminated include cleanliness in the batch house, 
periodic cleaning of scales for weighing the batch, record- 
ing the consumption of raw materials, careful cleaning of 
the mixing machines, and inspection for leakage around 
joints and fastenings where some of the mass may be 
forced out; when the mass is returned to the batch it has 
a different consistency. Equally important is the deter- 
mination of the uniformity of the batch, the length of mix- 
ing time which varies with different machines, and the 
grain size of the raw materials. The optimal mixing time 
is determined as follows: After the machine has run for a 
definite period of time, samples of 1 cc. are taken from the 
top, center, bottom, and sides of the batch and tested 
for their water-soluble constituents (soda, potash, refin- 
ing agents, etc.), acid-soluble substances (lime, dolomite, 
etc.), and insoluble substances (sand, feldspar, etc.). The 
variation from the average of the values obtained indi- 
cates the thoroughness of the mixing, and the variations 
from the theoretical value permit conclusions to be drawn 
on the exactness of weighing. If the variation from the 
average value exceeds 0.5%, mixing is inadequate and 
should be continued for 1 or 2 min.; samples should again 
be taken and tested. Tests for determining batch compo- 
sition and water content are described. Raw materials 
must also be tested biweekly for variations in composition 
and water content. M.V.C. 

Tool for drilling sheet and plate glass. ANON. Glaces 
& Verres, 12 [62] 10-11 (1939); Jour. Soc. Glass Tech., 
24 [102] 108A (1940).—Four large suction cups of the type 
used in plate glass-handling frames are used to attach an 
inverted U-shaped tubular metal frame to the sheet or 
plate to be drilled, whether lying flat on the bench or al- 
ready in situ asa window. Attached to the main frame is 
a smaller sliding frame carrying a hand drill in which the 
tubular tool is fixed. This frame can be lowered onto the 
work by means of a lever against the action of a spring 
which raises the drill away from the glass when pressure 
on the lever is released. A 10-mm. diameter hole can be 
drilled in 2 to 3 min. through glass 6 to 8 mm. thick, using 
turpentine as lubricant. With tungsten steel drills and a 
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more precise drilling machine attached to the frame giving 
1000 to 1200 r.p.m., holes 8 to 10 mm. can be drilled in 
marmorite 20 to 22 mm. thick in 30 to 40 sec. with water as 
Jubricant. For larger holes, tubular metal drills fed with 
abrasive are recommended. 

Woven-giass insulation for electrical windings. C. D. 
Jamieson. English Elec. Jour., 10, 61-65 (1940); Jour. 
Soc. Glass Tech., 25 [107] 28A (1941).—Recent develop- 
ments carried out by the English Electric Co. are de- 
scribed. The dielectric strength of woven-glass material 
depends entirely on the varnish employed to fill the air 
spaces which exist between the weft and warp threads, 
and the company has developed a synthetic varnish which 
withstands temperatures considerably in excess of those at- 
tained by electrical machines under service conditions. 
It is claimed that 5-mil woven-giass tape may be substi- 
tuted for 10-mil woven-asbestos tape. 

X-ray study of soda-lime-silica glass. J. Buiscor. 
Jour. Amer. Ceram. Soc., 24 [8] 262-64 (1941).—4 figures, 
3 references. 

PATENTS 

Apparatus for inspecting glass sheets. F. L. Bisnop, 
Jr. (American Window Glass Co.). U.S. 2,247,047, June 
24, 1941 (Nov. 18, 1938). 

Apparatus for making fused-quartz tubes or rods. 
*ocoro Srropokoro. Japan. 133,869, Dec. 14, 1939; 
Chem. Abs., 35, 4173 (1941). 

Apparatus for removing plaster from plate glass sur- 
facing tables. J. G. Hawortn (Libbey-Owens-Ford 
Glass Co.). U.S. 2,248,232, July 8, 1941 (July 31, 1939). 

Apparatus for separating products from mineral wool 
blow chambers. D. C. Dru (American Rock Wool 
Corp.). U.S. 2,246,844, June 24, 1941 (Sept. 30, 1937). 

Apparatus for tempering glass. J. L. Drake (Libbey- 
Owens-Ford Glass Co.). U.S. 2,247,118, June 24, 1941 
(June 2, 1938). 

Coated glass fabric. C.S. Hyatt anp J. C. Lowman 
(Columbus Coated Fabrics Corp.). U.S. 2,249,528, July 
15, 1941 (April 8, 1938; March 31, 1939). 

Decorated glass. Wi.t1aRpD P. ZIMMERMANN AND 
Minot K. Hoimes (A.-G. der Gerresheimer Glashiitten- 
werke). Ger. 690,975, April 18, 1940; 32a. 24.04; Chem 
Abs., 35, 4172 (1941). 

Decorating glass. WURTTEMBERGISCHE METALLWAR- 
ENFABRIK. Ger. 699,491, April 4, 1940; 32). 9; Chem. 
Abs., 35, 4172 (1941).—The decorations are enclosed in a 
tube which is in turn imbedded in the softened glass to be 
decorated. The tube containing the decorations can be of 
noncombustible material, e.g., glass, or combustible ma- 
terial, e.g., plastic. Other details of procedure are given. 

Drawing a continuous glass sheet from the melting pot. 
N. V. HoOLLANDSCHE MIJ. VOOR DE VERVAARDIGING VAN 
Gras. Ger. 691,089, April 18, 1940; 32a. 23.01; Chem. 
Abs., 35, 4171 (1941). 

Edge-grinding machine. C. B. Wr®iiams, JR. (Libbey- 
Owens-Ford Glass Co.). U. S. 2,248,263, July 8, 1941 
(day 31, 1939). 

Fibers made of glass which are plastic when hot. 
Prero Mopicifani (Soc. Anon. Vetreria Italiana Bal- 
zaretti-Modigliani). Ger. 690,490, April 4, 1940; 32a. 
25; Chem. Abs., 35, 4171 (1941).—A design of an ex- 
trusion nozzle is described. 

Flat glass beveling and edging apparatus. Kari WEBER 
(Weber Showcase & Fixture Co., Inc.). U.S. 2,248,143, 
July 8, 1941 (March 10, 1939). 

Glass building blocks. Lronarp D. Sousrer (A.-G 
der Gerresheimer Glashiittenwerke). Ger. 690,974, April 
18, 1940; 32a. 24.04; Chem. Abs., 35, 4172 (1941). 

Glass feeder. S. E. Winper (Crown Cork & Seal Co., 
Inc.). U.S. 2,249,371, July 15, 1941 (Dec. 27, 1937). 

Glass-gathering device. J. H. U. 
2,247,424, July 1, 1941 (July 20, 1937). 

Glass-handling apparatus. Eari Hiatt AND J 
Macken (Owens-Illinois Glass Co.). Can. 397,478, 
June 24, 1941 (Nov. 27, 1939; in U. S. Feb. 3, 1939). 

G.M.H. 

Glass hardening. ALBERTO QueNTIN. Ger. 690,069, 

March 21, 1940; 32a. 30; Chem. Abs., 35, 4172 (1941). 
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The nozzles spraying the cooling medium travel in a com- 
pound motion; the entire apparatus moves as well as the 
individual nozzles. 

Glass impenetrable to X rays. ANpr& DescHamPs 
(Glaces et Verres (Glaver)). Ger. 691,580, April 30, 1940; 
30a. 6.07; Chem. Abs., 35, 4171 (1941).—Two layers of 
glass are hermetically sealed with the space between them 
filled with glass silk impregnated with a salt containing at 
least one element of high atomic weight, e.g., Bals. 

G batch. Joun Fercuson. U. S. 2,247,- 
331, June 24, 1941 (Jan. 22, 1938).—A glassmaking batch 
for a high silica borosilicate -alkali glass containing silica, 
boric oxide, and one or more alkali oxides, proportioned to 
produce a glass having 80 to 87% silica, the batch being 
adapted for melting in an electric furnace and all of the 
ingredients thereof being in a substantially nongas-forming 
form, whereby a substantially seedless product may be 
obtained without additional fining agents or processes. 

furnace. J. E. McBurney (Owens- 
Illinois Glass Co.). U.S. 2,249,714, July 15, 1941 (Feb. 
27, 1940). 

Glass-to-metal seal. James E. Beccs (Canadian Gen- 
eral Electric Co., Ltd.). Can. 397,191, June 10, 1941 
(July 6, 1937). G.M.H. 

Giass-tube manufacture. R. H. Koenic (Kimble Glass 
Co.). Can. 397,125, June 10, 1941 (March 9, 1939; in 
U.S. March 29, 1938). G.M.H. 

Glassware f machine safety mechanism. Ep- 
warp G. Brinces (Lynch Corp.). Can. 396,969, June 3, 
1941 (Feb. 20, 1940). G.M.H. 

Glassware forming machine takeout. Grorce B. 
Lancer (Lynch Corp.). Can. 396,968, June 3, 1941 
(July 31, 1939; in U. S. Sept. 24, 1938). G.M.H. 

Glassware handling mechanism. G. B. LANGER AND 
Joun R. Brinces (Lynch Corp.). Can. 396,970, June 3, 
1941 (April 2, 1940). G.M.H. 

Glassw machine. A.B. Kwnicnur. U. S. 2,248,- 
430, July 8, 1941 (Jan. 28, 1938). 

Hollow glass brick. Hans Friepricu. Ger. 691,202, 
April 25, 1940; 324.17; Chem. Abs., 35, 4172 (1941). 

Lens-abrading machine. L. W. Goppu (American 
Optical Co.). U. S. 2,247,706, July 1, 1941 (Jan. 18 
1939). 

Loading machines for glass-annealing tunnels. HeEr- 
BERT Kreiset. Ger. 690,070, March 21, 1940; 32a. 34; 
Chem. Abs., 35, 4172 (1941). 
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hollow glass articles. J. R. Hoce 
(Owens-Illinois Glass Co.). U.S. 2,249,709, July 15, 1941 
(July 29, 1936). 

Making luminescent substances adhere to glass walls. 
Soc. ANON. POUR LES APPLICATIONS DE L’ELEcTRICITE ET 
pes Gaz Rares, Erapiissements C. Paz & Smtva. 
Brit. 528,004, Oct. 30, 1940 (March 29, 1939). 


Machine for f 


Method and means for cutting glass ampoules and tubes. 
R. E. Maxwewv. Brit. 536,718, June 5, 1941 (May 14, 
1940). 

Ophthalmic lens. R. J. Berret, Jr. (American Optical 
Co.). U.S. 2, 47,628, July 1, 1941 (Jan. 17, 1938; re- 
newed July 5, 1940). 

Preparation of sheet glass. A. D. Nasu (Pittsburgh 
Plate Glass Co.). U.S. 2,248,717, July 8, 1941 (Dec. 3, 
1937). 

Reinforcing glass objects. Soc. ANON. pes MANvu- 
FACTURES DES GLaces & Propuits CHIMIQUES DE Sr. 
Gosarn, Cuauny & Crrey. Ger. 691,203, April 25, 1940; 
32b. 10; Chem. Abs., 35, 4171 (1941). 

Safety glass. Witty O. HERRMANN (Chemische For- 
schungsges. m. b. H.). Ger. 690,332, March 28, 1940; 
39b. 27; Chem. Abs., 35, 4172 (1941).—Sheets of glass are 
glued together with polyvinyl acetates, particularly 
formaldehyde polyvinyl acetate with added acetylcellulose, 
polyvinyl esters, or polyacryl ester and a softener. 

Sealing to ceramic articles. PoRZzELLANFABRIK 
KAHLA. . 691,422, April 30, 1940; 80d. 24.01; Chem. 
Abs., 35, 4172 (1941).—Vacuum-tight seals are obtained 
with ceramic articles having a coefficient of expansion of 
2.5 X 10-*. Such ceramic articles are made of Al sili- 
cates and Al oxides. Other silicates, quartz, and alkali 
compounds are best omitted or do not exceed 10%. The 
flux is made up of alkaline-earth compounds free of 
silicates and alkalis. The glass should have a coefficient of 
expansion 10 to 30% below that of the ceramic article. 

Siliceous body. G. J. Barr (N. S. Garbisch). U. S. 
2,247,270, June 24, 1941 (Aug. 11, 1938). 

Spinning glass-fiber thread. Prero (Soc. 
Anon. Vetreria Italiana Balzaretti-Modigliani). Ger. 691,- 
090, April 18, 1940; 32a. 25; Chem. Abs., 35, 4171 (1941). 

Treating colored glass sheets. W. O. Lyt Le (Pitts- 
burgh Plate Glass Co.). U. S. 2,248,714, July 8, 1941 
(Dec. 18, 1937). 


Structural Clay Products 


Adjustable recirculating humidity drier. T. W.Garve. 
Bull. Amer. Ceram. Soc., 20 [7] 242-43 (1941).—1 figure. 
Dies and augers. J. H. IsennHour. Bull. Amer. 
Ceram. Soc., 20 [7 |@37-38 (1941). 
controlinclays. RopertSHort. Wisconsin Engr., 
45 [3] 3, 15 (1940); Chem. Abs., 35, 2687 (1941).—The 
Barker-Truog process (Jour. Amer. Ceram. Soc., 22 [9] 
308-12 (1939)) is discussed. The use-of NasCO; has 
greatly improved the workability and other properties of 
clays used in making brick, tile, and other clay products. 
Résumé of technical studies of salt glazing. H. D. 
Foster. Bull. Amer. Ceram. Soc., 20 (7 (1941).— 
16 references. 
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Brick-finish machine. W. C. WANpDROIK AND HENRY 
Krisor. U. S. 2,248,839, July 8, 1941 (June 22, 1939). 

Brick grab. R. A. Fontarne. U. S. 2,247,168, June 
24, 1941 (Feb. 21, 1940). 

Brick package. H. F. Grau (Arn:strong Cork Co.). 
U. S. 2,246,936, June 24, 1941 (Sept. 10, 1938). 

Building block. J.D. Lincenretter. U. S. 2,247,614, 
July 1, 1941 (Jan. 2, 1940). 

Design for a building block. ERNST STEINHARD 
(Marley Tile Co., Ltd.). U.S. 128,059, July 1, 1941 (July 
30, 1940). 


Refractories 


Andalusite refractories for crowns of electric furnaces. 
G. O. ZrncuiK, P. A. LANpbgE, N. P. LAZARENKO, AND N. B. 
PONASHCHATENKO. Ogneupory, 8 [2] 75-83 (1940).— 
Refractories containing 90% andalusite and 10% Chasov- 
yar clay No. 6 manufactured on Biiller presses were supe- 
rior to silica products. M.V.C. 

of combustion-chamber walls. R. Rascu. 
Wéarme, 63 [24] 201-203 (1940).—In his investigations on 
the wear of brick walls in combustion chambers by the 
attack of slag, especially at high temperatures, R. found 


that brick which had been drilled in several places for the 
insertion of thermocouples stood up much longer than the 
surrounding brickwork. This was due to the cooling 
effect of the holes. Measurements showed that the life of 
brickwork in combustion chambers can be materially in- 
creased by cooled brick with a wall thickness of not more 
than 40 mm. Temperatures above 1400°C. should be 
avoided, as the reactivity of the slag increases at high 
temperatures, and this results in an early destruction of 
the wall by dissolution in the slag. With regard to the 


= 
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cooling of walls, the effects of the expansion and shrinkage 
of the different materials in contact must be given particu- 
lar attention. H. 
Determination of refractoriness and deformation under 
load at high temperatures. V. M. SrrRevets P. V. 
NEVREDIMOVA. Ogneupory, 8 [4] 240-43 (1940).— 
When determining the refractoriness of grog products 
possessing a refractoriness of up to 1750°, the following 
curve of firing may be used successfully: an increase in 
temperature to 1500° at a rate of 15° / min.; from 1500° 
to 1750° at a rate of 6° per min. The data obtained in 
this way generally coincide with those resulting from the 
determination of refractoriness according to standard 
methods. Deviations do not exceed +10°. For deter- 
minations of deformation under load, the following firing 
curve is suggested: the rate of increase should not exceed 
17° per min. up to 800°; over 800° the rate of increase 
should be 10° per min. M.V.C. 
Effect of chemical and mineralogical composition and 
production factors on the properties of dolomite refrac- 
tories. S. D. OkoRoKov AND P. I. Novikov. Ogneupory, 
8 [4] 214-19 (1940).—Experiments showed that the 
variation in pressure during molding of the mix and 
changes in the relationships between the bonding and 
filling agents and the granulometric composition of the 
latter will change the durability, water absorption, and 
thermal stability of dolomite refractories. M.V.C. 
Effect of the granulometric composition of grog within 
the limits of 0 to 75 microns on the physical properties of a 
porous grog body. S. E. Viro. Keram. Sbornik, 1939, 
No. 5, pp. 75-77.—Results tabulated show the effects of 
separate fractions on the properties of porous grog bodies. 
By using grog of a constant granulometric composition 
and constant technological conditions of working, it is 
possible to produce porous bodies with constant properties. 
M.V.C. 
Effect of sagger grog on the properties of products with a 
igh grog content. R. T. Maxni. Keram. Sbornik, 
1940, No. 10, pp. 24-28.—Grog products containing grog 
previously used in saggers are of much lower quality than 
the same products containing ordinary grog. See ‘“‘Manu- 
facture ...,”” Ceram. Abs., 20 [6] 146 (1941). M.V.C. 
Effect of titanium dioxide on the properties of silica 
brick. V.A. Bron. Ogneupory, 8 [4] 210-14 (1940).— 
The effect of titanium dioxide present in quartzites on the 
thermal properties, such as refractoriness and deforma- 
tion under load, of silica brick was determined. The 
refractoriness of silica brick is slightly lowered when up to 
2% TiO: is present; with the addition of 0.5 to 1.5% Al,O; 
or Fe,O;, refractoriness decreases a little more. The addi- 
tion of up to 3% TiO, has no effect on the temperature of 
deformation of silica brick. M.V.C. 
Expansion of various refractories. A. M. Morron. 
Blast Furnace & Steel Plant, 28, 665-66 (July, 1940).— 
Contrary to frequent practice, expansion joints are not 
necessary for furnaces of chrome brick, chrome magnesite, 
or clay. The use of a basic cement in laying magnesite is 
preferable to expansion joints. Silica brick may be best 
laid fairly tight with insulation blocks against the brick- 
stays. B.L. 
Five years of progress in steelworks refractories; 
open-hearth furnace. J. H. Cuesters. Iron & Steel, 
13 [7] 214-20 (1940).—C. summarizes developments 
in silica brick, hard- and soft-fired brick, special chrome- 
magnesite brick, dolomite brick, and forsterite brick. 
During the past five years, developments such as the 
production of spalling-resistant chrome-magnesite brick 
for furnace roofs, the production of stable dolomite brick, 
and the extraction of magnesia from sea water and dolomite 
have opened up new possibilities. They have paved the 
way for the “all basic’”’ furnace which should ultimately 
lead to increased production and lower costs. E.H.McC. 
Manufacture of grogless refractory products. A. F. 
ZOLOTOROG AND V.K. AGaronov. Ogneupory, 8 [2] 122-25 
(1940).—Experiments show that the production of grog- 
less refractories from plastic refractory clay without add- 
ing leaning agents is possible by the semidry method. 
Such products possess a regular geometric shape, have a 


dense and homogeneous structure, and are as durable as 
similar grog products. M.V.C. 
Open-hearth trends. W. J. Reacan. Steel, 107 [4] 
62, 65, 75; [5] 58, 59, 62, 72 (1940).—Better materials are 
being obtained from the blast furnace due largely to better 
control of chemical analysis of the pig iron. Open-hearth 
design shows indications of streamlining with large quan- 
tities of basic refractories being used and a greater amount 
of instrumentation being placed in service. Slag control 
and steel making technique show a gradual improvement 
due to a better knowledge of the fundamental reactions 
occurring in the open-hearth furnace. Pit practice, mold 
conditioning, and temperature control indicate an increase 
in the available information on these subjects, with tem- 
perature control giving great promise of near solution. 
See Ceram. Abs., 19 |1| 15 (1940). H.E.S. 
Production and service of chrome-magnesite products 
resistant to . G. M. Taztrpinov. Ogneupory, 
8 [3] 133-36 (1940) .—T. describes the technological process 
of manufacturing chrome-magnesite refractories resistant 
to spalling and gives data on the service of these refrac- 
tories in the crowns of open-hearth furnaces. These brick 
possess a much greater stability than silica brick. In the 
crowns of copper-melting furnaces, chrome-magnesite brick 
were found to be more durable than magnesite refractories. 
M.V.C. 
Production of ultralightweight ware under plant condi- 
tions. E.A.GeRMAN. Ogneupory, 8 [4) 205-10 (1940).— 
The manufacture of ultralightweight refractories is de- 
scribed, and the properties of the products are given in a 
table. See ‘Attempts... ,’’ Ceram. Abs., 18 [3] 75 (1939). 
M.V.C. 
Refractories. ANON. Times Trade & Eng., 47 (923) 
36 (1941).—The refractories industry in the British Isles 
during 1940 is reviewed, and the importance played by it in 
Britain's war effort is pointed out. The need for imported 
magnesite has been greatly reduced by the impzovements 
in dolomite brick made wholly from English materials. 
Bauxite was, at one time, imported chiefly from France, 
but other sources are now available. Firebrick have been 
greatly improved in quality and have greater accuracy in 
shape and size, greater uniformity in composition, greater 
reliability when in use, and greater refractoriness and re- 
sistance to prolonged heating. The use of refractory ce- 
ments is recommended. No completely new refractory 
materials are recorded, but the use of forsterite, olivine, 
and other synthetic silicate types is increasing slowly, and 
the favorable opinion of brick made of chromite and 
magnesite is maintained. The use of sillimanite brick is 
increasing, and there is a considerable scope for synthetic 
sillimanite (mullite). Among new methods of manu- 
facture, the most interesting is shaping at a temperature 
of 1250° to 1300°C. under great pressure. Great interest 
is still maintained in insulating brick for furnaces and kilns, 
particularly in brick for hot-face insulation. The results of 
investigations on the effects of small quantities of chlorides 
as corrodents and of borax as a stabilizer are now being 
applied successfully. The benefits of researches made 
in previous years are being increasingly recognized. 
A.B.S. 
Selecting the gr inulometric composition of grog in high 
grog bodies. R. T. Keram. Sbornik, 1940, 
No. 9, pp. 14-24.—The granulometric composition of grog 
undergoes a radical change during pressing and the grog 
body contains a very different granulometric composition. 
The required density may be obtained not only by the 
proper selection of the granulometric composition, but also 
by a variation in pressing. The higher the pressure used, 
the less important is the initial gramulometric composition 
of grog. The density of the grog is not directly related to 
the properties of grog bodies, such as water absorption and 
mechanical strength. See “Effect ...,” Ceram. Abs., 20 
[4] 95 (1941). M.V.C. 
Selecting a more rational method of manufacturing 
er mixes. G. P. Fitintsev, G. L. Kreper, ann R. I. 
ROSENBERG. Keram. Sbornik, 1940, No. 8, pp. 27-32.— 
The preparation of sagger mixes by means of the semidry 
and slip methods is discussed in detail. M.V.C. 
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Standardization in the design of industrial furnaces. 
ZEPPERNICK. Wédrme, 64 [6] 56-58 (1941).—Attempts to 
standardize the design of industrial furnaces are discussed. 
In Great Britain, the Industrial Test Code and the Com- 
prehensive Test Code, applicable for gasification and low- 
temperature coking plants, blast and industrial furnaces, 
firing chambers, and boiler plants, regulate dimensions, 
temperature, heating-up time, stored heat, useful heat 
capacity, etc. German standards regulate types, renewal 
parts, testing methods, materials, kind and shapes of re- 
fractories for glassmaking furnaces, open hearths, blast 
furnaces, and coke ovens. M.H. 

Tailored firebrick. W.A.Sruarr. Steel, 106 [22] 58- 
61 (1940).—S. describes the development of a system of re- 
fractory shapes which permits the formation of circum- 
ferential dimensions with exactitude. The face-to-face 
bearing produced by this method reduces uneven stresses 
and pinching of the brick under expansion. Illustrated. 

H.E.S. 

Te refractories against molten calcium metaphos- 
phate. RDON R. AND A. W. Bernuicu. Bull. 
Amer. Ceram. Soc., 20 [7 |] 229-37 (1941).—5 references, 17 


figures. 

Up-to-date insulation of hot-blast stoves. E. H. 
Vounciove. Blast Furnace & Steel Plant, 28, 461-63 
(May, 1940).—The theoretical economical ‘thickness of 
insulating blocks over the checker area varies from 8'/, in. 
at the top of the shell to about 1 in. at the bottom. The 
thickness of the side combustion chamber should be 7'/s in. 
uniformly. The bases of stoves should be insulated with 
3'/; to 5 in. of insulating concrete. Mains and bustle pipes 
are insulated with 3- to 3'/:-in. curved block. Savings in 
the cost of heat loss and insulation are over 10%. Other 
advantages are better combustion, more uniform and 
controllable furnace operation, and prevention of overheat- 
ing of shells. B.L. 

Utilization of magnesium silicates for the production of 


refractory brick. P. P. Bupnikov. Zhur. Priklad. 
Khim., 13, 797-99 (1940); see Ceram. Abs., 20 [8] 195 
(1941). P.B. & ES. 


PATENTS 

Casting refractory blocks. H.T. Smyrn (Corhart Re- 

fractories Co.). U. S. 2,247,318, June 24, 1941 (Jan. 3, 
1939). 
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Furnace door arch. L. V. Jonnson (National Tube 


Can. 396,975, June 3, 1941 (Dec. 11, 1939; in 


Co.). 
G.M.H. 


U. S. Dec. 14, 1938). 


Recovery of alumina. J. C. S&arLLes AND W. R. G. 
Dyckernorr (J. C. Séailles). U. S. 2,248,826, July 8, 
1941 (July 19, 1938).—A process of recovering alumina of 
high purity from materials containing insoluble aluminum 
compounds and a significant percentage of foreign matter 
including an insoluble silicon derivative comprises cal- 
cining a mixture of this material with a basic calcium com- 
pound whereby a highly water-solubl. calcium aluminate is 
formed, the calcium compound being employed in the 
ratio calculated according to the formula 1SiO, : 2Ca0O, 
1Al,0; : 1.3 to 2.0CaO, 1TiO, : 1 to 2CaO, followed by 
lixiviation with an aqueous liquid to separate the soluble 
calcium aluminate from the insoluble calcium silicate, and 
treating this calcium aluminate solution for the recovery 
of high-purity alumina. 


Refractories. S. KoNnpo AND KAWASIMA. 
Japan. 133,478, Nov. 25, 1939; Chem. Abs., 35, 4172 
(1941).—A mixture of grog, agalmatolite, kaolinite, clay, 
water, CaSO,, MgO cement, and a salt of a sulfonated 
higher alcohol is molded, dried, and fired. 


Refractory-brick process. R. P. Hever (General Re- 
fractories Co.). U.S. 2,247,376, July 1, 1941 (March 28, 
1938).—A process of producing a basic refractory brick 
covered by oxidizable metallic spacer plates in a mold. 


Removing silica from argillaceous aluminosilicates. 
EpuaRD ZINTL, WILHELM BRAUNING, AND WALTER 
Krincs (Walther H. Duisberg). U. S. 2,248,472, July 8, 
1941 (May 29, 1939).—A process of producing alumina 
from argillaceous aluminosilicates comprises heating a 
mixture of aluminosilicate and a carboniferous material, 
in which mixture carbon and silicon are present in sub- 
stantially equiatomic proportions, to a temperature 
exceeding about 1200°C. to produce a reaction between the 
carbon and the silicate resulting in a volatilization of the 
silicon as silicon monoxide, reducing the partial pressure 
of silicon monoxide in the reaction space, and continuing 
the reaction until substantially all of the silicon is expelled 
from the reaction mass. 
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Making veneered vitrified products. D. E. Lower. 
U. S. 2,248,432, July 8, 1941 (Aug. 29, 1936; Feb. 21, 
1938).—(6) A material for veneering unvitrified tile or 
brick comprises a pugged mixture consisting of a blend of 
selected vitrifiable clays possessing selected color character- 
istics, a relatively small proportion of phosphoric acid, and 


sufficient water to render the mixture plastic whereby it 
may be applied to one or more surfaces of an unvitrified 
tile or brick to unite therewith when the veneered tile or 
brick is fired. (10) A veneer for tile or brick consists of a 
mixture of vitrifiable clays, water, and phosphoric acid 
adapted to be applied to the surface of an unvitrified tile or 
brick and subsequently bonded thereto when the veneered 
tile or brick is fired. 


Whiteware 


Baking porcelain inlays directly in the investment with- 
out the use of a platinum matrix. Dwicut T. Barcrort. 
Jour. Amer. Dental Assn., 28 [1] 97-99 (1941).—By the 
use of a low-fusing porcelain having almost all of the good 
qualities of the high-fusing material and the productior of a 
porcelain investment, the platinum matrix can be elimi- 
nated. The porcelain investment does not fuse or break 
down at temperatures under 2100°F., and it is easily and 
quickly brushed from the inlay, leaving an etched surface 
ideal for cementing. V.S.pEM. 

Behavior of mixes of microcline and plagioclase feldspars 
in porcelain bodies. V. T. Popova. Keram. Sbornik, 
1940, No. 6, pp. 28-40.—Complete melting of mixtures of 
microcline and acid plagioclase containing 2.3% CaO 
occurs between pyrometric cone 12 and cone 13°. Melt- 
ing of more basic plagioclase takes place between pyro- 
metric cones 13° and 14'. Microcline plagioclase mixes 
containing 4.5 to 5.7% CaO melt at a lower temperature 


than plagioclase mixes. With increased plagioclase con- 
tent, the temperature of melting increases. The viscosity 
of feldspar depends upon the presence and amount of 
grains of unmelted feldspar. The viscosity of plagioclase 
is lower than that of microcline. With increased tempera- 
ture, the viscosity of feldspar and its mixtures decreases. 
In porcelain bodies, the complete melting of feldspar and 
its mixtures occurs at lower temperatures than that of 
pure feldspar. The vitrification of bodies containing 
plagioclase occurs at a higher temperature than that of 
bodies containing microcline. The deformation of bodies 
produced from microcline-plagioclase mixtures does not 
differ from that of microcline bodies. The mechanical 
strength is also similar. Mullitization of the bodies in- 
creases with increased plagioclase content. Plagioclase 
and microcline-plagioclase mixtures in porcelain dissolve 
greater amounts of quartz than microcline; the amount 
increases with increased CaO content of the plagioclase. 
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Glazes based on microcline, plagioclase, or their mixtures 
possess a high thermal stability and luster. M.V.C. 

Ceramic insulations for high-frequency work. W. G. 
RoBInson. Jour. Inst. Elec. Engrs. [London], 87, 570-77 
(1940).—For radio-frequency work, an electrical insulating 
material must (1) have a small power-loss at radio fre- 
quency, (2) have, in some cases, a high permittivity, (3) 
be capable of being made in any desired shape, often to 
close tolerances, and (4) be rigid, stable, and unaffected 
by time or temperature. Electrical porcelain meets the 
last two requirements. Steatite materiais containing 
either 70% steatite or magnesite in place of part of the 
steatite (the remainder being clays and fluxes) have moder- 
ate permittivities and low power factors and are used for 
insulation. Materials containing 90% rutile with high- 
plasticity binders give high permittivities and are used for 
condensers. The high negative temperature coefficient of 
permittivity may be reduced by reducing the rutile content 
or by adding MgO, which forms magnesium titanate. 
In their manufacture, throwing, turning, jollying, extru- 
sion, casting, and dry-pressing are used. The articles are 
fired at 1250° to 1400°C., and 8 to 30% shrinkage occurs. 
Tolerances of +1 or 2% arecustomary. Precautions to be 
observed in electrical testing are given. Since the power 
factor of the steatite group is much higher in humid atmos- 
pheres when underfired, the test should show this by adopt- 
ing a humidity of 75% and a frequency of 1 megacycle per 
sec. For capacitance tests of the permittivity of rutile 
materials, silver electrodes fired on at 600° to 700°C. are 
recommended, thus avoiding noncyclic variations. The 
electric strength of rutile materials ranges from 25 to 40% 
of that of the steatite materials. As the mechanical 
strength of special test pieces is much higher than that of 
the insulators themselves, the latter should be used in the 
tests. Condensers of rutile material can be made with low 
temperature coefficients by using fired-on silver conducting 
surfaces, built up by plating if necessary. L.R.B. 

Colorado clay to porcelain. JoHn W. Hyer. Mines 
Mag. [Colo. School Mines], 31, 56-57, 72, 86 (1941); 
Chem. Abs., 35, 2687 (1941).—-The methods used by the 
Coors Porcelain Co., Golden, Colo., are described with a 
flow diagram. 

Deformation of ceramic bodies on heating ard cooling. 
N. P. Zconnrx. Keram. Sbornik, 1940, No. 6, pp. 53-66. 
—The character of the deformation curves obtained when 
cooling porcelain and grog bodies and their components 
(kaolin and clay) depends basically on the properties of 
the mix, while the magnitude of the deformation depends 
on the temperature of firing and its variations. The in- 
creasing deformation at temperatures between 550° and 
600°C. is due to the allotropic transformation of quartz. 
With increased quartz content and lowered firing tempera- 
ture, deformation increases sharply. M.V.C. 

Effect of shape and dimensions of the product on the co- 
efficient of gas permeability. R. T. Maxi. Keram. 
Sbornik, 1939, No. 5, pp. 45-52.—A relative comparison of 
products as to their coefficient of gas permeability is possi- 
ble only if the tests are made under similar conditions and 
the products are of the same shape and dimensions. Varia- 
tions in the coefficient up to 15% are due vo the usual 
deviations in such tests. M.V.C. 

Effect of various forms of silica on the properties of por- 
celain and faience. V. P. ZUBCHANINOV AND L. A. VI- 
KHIREVA. Keram. Sbornik, 1940, No. 6, pp. 66-75.— 
Various forms of silica react differently under thermal 
treatment. The transformation of silica is basically ob- 
served in the appearance of an isotropic border on the sur- 
face of the grains, the intensity of which depends on the 
nature of the silica, its dispersion, and the duration and 
intensity of the thermal treatment. Cristobalite was de- 
tected in quartz after firing to pyrometric cone 13°; 
diatomite changes completely into cristobalite. The ma- 
terials studied can be divided into (a) those containing 
silica in the form of quartz (quartz sand, dustlike quartz, 
and quartz from elutriated kaolin) and (6) those containing, 
water (flint stone and diatomite). All of the materials of 
group a have the same character of change; transformation 
occurs on the grain surface and is more complete because 
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of the natural fine dispersion, which makes the body more 
homogeneous. Materials of group } lose water on firing. 
Transformation begins at lower temperatures. Faience 
bodies containing flint possess a high coefficient of expan- 
sion. Bodies containing raw diatomite shrink more. 
Diatomite contains Fe,O; which prevents the production 
of white bodies. M.V.C. 
Electric rties of ceramic and abrasive bodies. 
N. A. Griesxil. Keram. Sbornik, 1940, No. 7, pp. 36-42. 
—G. discusses preliminary experiments made to deter- 
mine the electrical conductivity of various ceramic bodies 
at different temperatures. M.V.C. 
Fluorine in whiteware glazes free of lead and boron. W. 
Stecer. Ber. Deut. Keram. Ges., 22 [3] 73-101 (1941).— 
The subject of whiteware glazes containing fluorine cannot 
be treated comprehensively, as numerous problems in this 
field are unsolved. Test results are published to give 
assistance to the ceramic industry in the application of 
fluorine compounds as a substitute material in easily 
fusible glazes, e.g., those free from lead and boron. At- 
tention is called to the success in the enamel industry with 
enamels containing fluorine; there is no difficulty in pre- 
paring lead-free enamel. The high expansion with heat 
which is necessary iti enamels because of their use on metals 
does not cause difficulties with enamels but restricts the 
choice of substitute materials for glazes. The difference in 
firing methods in the ceramic industries must be taken into 
consideration in applying to ceramic glazes the experience 
with enamels. Tests made by S. show that it is possible, 
by introducing fluorine in the form of sodium silicofluoride 
in lead- and boron-free glazes, to prepare fritted white- 
ware glazes for cones la to 5a with low expansion and with 
the luster and the regular reflective power of good glazes 
containing lead and boron. The new glazes are clear and 
transparent and are readily colored by oxides. The 
glazes may be made opaque by the addition of a little zinc 
oxide. The batch for these glazes contains only oxides of 
the alkalis, calcium, and zinc; additions of barium com- 
pounds may be tested but are not always necessary for 
glazes containing fluorine. A common source of difficulty 
is thus avoided, viz., the failure of glazes due to the effect 
of sulfur in the oven gases. If sulfur is eliminated by using 
an electrically heated kiln, barium compounds may be 
added to the batch without hesitation. The range of 
fusion may be extended below Seger cone la in this case. 
It has not been possible to lower the coefficient of expan- 
sion of glazes containing barium oxide to that of normal 
whiteware glazes containing lead and boron. Seger formu- 
las of three approved glazes for cone la and higher, con- 
taining fluorine but without lead or boron, are as follows: 


Glaze 
0.21 | 
0.27 Na,O| ,,. { 3.22 SiO, 
0.24 CaO 9-31 4 1 
0.28 ZnO j 
Glaze 
0.16 K,O ) 
0.28 NaO} 0.28 {3-68 SiO: 
0.26 CaO } 
Glaze A 
0.28 K,O 
0.26 Na,O}| (9 
0.24 CaO } 0.16 {6 
0.19 BaO | 
0.23 ZnO 


In selecting suitable glazes, certain rules can be followed. 
For a fusion range between cones la and 5a, the silica con- 
tent is between 59 and 62%, or 60% on an average. The 
sum of the alkali oxides is 9 to 11%, aluminum oxide 8 to 
10%, calcium oxide 4 to 5%, and zine oxide 7%. About 


4 
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10% i is ample for the fluorine content, but it must be kept 
in mind that this 10% is calculated for the batch, and, 
since off of at least 25% of the fluorine is unavoid- 
able, 2.5% of the whole glaze is thus lost. The values 
given in the formulas can apparently be only slightly 
changed without harm to the glaze, especially by the sepa- 
ration of crystalline components of the glaze on cooling or 
by undesired clouding of the glaze. If barium oxide is 
added to the glaze, the aluminum oxide and fluorine may 
be decreased. Barium oxide acts as a strong flux in glazes 
containing fluorine, but it also greatly increases their ex- 
pansion. Glazes containing fluorine require, at times, a 
different preparation from the usual methods, e.g., (1) 
selection of a perfect sodium silicofluoride so that no 
bubbles or local cloudiness will occur in the glaze, (2) avoid- 
ance of materials with an affinity for fluorine in the frit 
batch, as they chemically seize the silicofiuoride derived 
from the sodium silicofluoride, and (3) serviceable division 
of the glaze into frit and mill batch. There is still consider- 
able development work to be done in this field. Appar- 
ently, too large an amount of unsintered kaolin has an un- 
favorable effect in the mill batch; it is apparently ad- 
vantageous to add a part of the fluorine as calcium fluoride 
to the mill batch. The ratio by weight of sodium oxide to 
calcium oxide should be fixed as 2:1. The firing should be 
sufficiently long if the glaze is to be clear and transparent. 
The effect of fluorine in glazes on colors beneath the glaze 
was not investigated because S. believes that the need for 
glazes without lead or boron for wall tile, dishes without 
underglaze decoration, and other whiteware is so great 
that from the boron compounds saved in these articles 
there will come a perceptible relief in the distribution of 
borax and boric acid. The question of whether fluorine 
makes possible the preparation of useful glazes for firing 
below cone la, perhaps to cones 09a to 05a, cannot be 
answered. The composition of glaze A suggests such in- 
vestigations. The preparation of glazes of low expansion 
must be emphasized, as it was for glazes fired to cones la 
to 5a. See “‘Glazes...,” Ceram. Abs., 20 [8] 197 (1941). 
W.H.H. 
Mechanical strength of talc spark plugs. L. V. OminIn. 
Keram. Sbornik, 1940, No. 6, pp. 48-53.—-The mechanical 
strength of talc spark plugs depends on the type of firing; 
insufficient firing lowers it, but repeated firing does not 
lower it. Accelerated cooling lowers mechanical strength, 
while retarded cooling increases it. M.V.C. 
Phosphates in ceramic ware: II, Role of phosphorus in 
bone china. A. WeyL. Jour. Amer. Ceram. 


Soc., 24 [8] 245-47 (1941).—11 references. For Part I 
see thid., [7] 221-25. 
Porcelain et crown. J. E. Arcus. Jour. Amer. 


Dental Assn., 26 [9] 1472-79 (1939).—A platinum sheet 
1/1 in. thick provides a heavier and more stable base on 
which to fire the porcelain. High-fusing porcelain should 
be used in building the bulk or tooth form, because it con- 
tains less flux and therefore shrinks less when fused. The 
complete manufacturing process is described. V.S.pEM. 
Practical experience with glazes free from lead and 
boron. Fritz ALZNER AND Ernst Hineicus. Ber. Deut. 
Keram. Ges., 22 [4] 150-58 (1941).—A useful whiteware 
glaze should (1) be highly lustrous, transparent, and color- 
less; (2) be dependable in use, noncrazing, and no more 
sensitive to sulfur in oven gases than previously used 
glazes which contained lead and boron; (3) flow as 
readily as possible at 1000°C.; and (4) bring out the 
underglaze colors and be suitable for building up colored 
glazes. The chemical composition differs from that of the 
usual glazes and greatly influences the colors derived from 
metal oxides. Success with certain colors depends on the 
presence of lead oxide. Barium compounds act as a flux 
but are oversensitive to gases containing sulfur, and the 
RO group should not contain over 0.1 mol. of BaO. Zinc 
oxide is used as a flux but is destructive of certain colors. 
The very high expansion of the alkali compounds limits 
their value. The formula for glaze No. 5025 is as follows: 
sodium water glass 28.04, zinc oxide 10.07, feldsper 37.18, 
potassium water glass 7.15, chalk 8.00, barium carbonate 
5.25, magnesite 1.49, and quartz 2.83%. This glaze may 
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be fired to Seger cone 3a. Steger (this issue, p. 219) has 
proposed the use of fluorine compounds. The authors 
tested the following formula: feldspar 30, sodium silico- 
fluoride 16.5, chalk 8, zinc oxide 8, and ground quartz 
37.5%. This gave poor results but was surprisingly im- 
proved by adding 4 parts kaolin and 4 parts feldspar to 100 
parts of the above frit, No. 4783. A very fluid frit, No. 
4790, which is a milk white glass, was obtained from the 
formula feldspar 37.5, sodium silicofluoride 16.5, chalk 
6, zinc oxide 10, and quartz 30%. By adding 15 parts 
kaolin and 2 parts chalk to frit No. 4790, a glaze was ob- 
tained which gave a specially beautiful gloss when fired to 
Seger cone la, a temperature at which fluorine-free alkali 
silicate glazes have not completed the last reaction. 
Glaze No. 5031, which can be fired between Seger cones 
la and 6a, was obtained by mixing frits No. 4790 and 5025 
with additions, according to the following formula: 
frit No. 4790 40.92, frit No. 5025 40.92, kaolin 12.27, 
ground quartz 4.34, chalk 1.06, and white lead 0.49%. 
Strictly speaking, this glaze contains lead, but this is 
retained because it guarantees perfect ware in all parts of 
the kiln, even if the firing is a little less careful. Glaze 
5031 has been used ry in production since Sept., 

1940. See “Glazes...,” Ceram. Abs., 20 [5] 120 (1941). 

H.H. 


Pumicite as flux for ceramic bodies. E. I. } an A 
Keram. Sbornik, 1940, No. 6, pp. 41-48.—Small particles 
of pumice stone or pumice-stone sand are called pumicite. 
Large deposits are found in the Caucasus. Pumicite of 
Kabardino-Balkarii is a pumice stone containing quartz, 
feldspar, plagioclase, calcite, magnesite, biotite, and 
Fe,O;. Treated electromagnetically, it can be used as 
flux instead of feldspar in ceramic bodies whose color is of 
secondary importance. The mechanical strength of 
pumicite bodies is higher than that of bodies containing 
feldspar. Shrinkage is somewhat higher (1 to 1.5%). 
All other properties of ceramic mixes containing pumicite, 
e.g., moisture, plasticity, water-absorbing capacity, vitri- 
fication, etc., are similar to those of feldspar mixes. 

M.V.C. 

Study of factors in the fusing of dental porcelain and 
determination of a fusing chart. Artuur O. KLAFFEN- 
BacH. Jour. Amer. Dental Assn., 26 [11] 1786-97 (1939). 
—A survey of the data available on the firing or fusing of 
dental porcelain and a method of procedure for fusing some 
of the more commonly used dental porcelains are given 
Several fusing charts are presented. V.S.pEM. 

Survey of dental laboratory industry in Connecticut. 
JoserH Massaro. Jour. Amer. Dental Assn., 28 [1] 92- 
97 (1941).—A fatal case of silicotuberculosis developed in 
a 35-year-old worker who had been engaged exclusively in 
the operation of plate polishing in a dental laboratory for 19 
years. The only significant health hazard is presented by 
the free silica dust produced during the plate-polishing 
operations by the use of pumice. Petrographic analysis 
showed that 57.9% of the samples examined contained less 
than 5% free SiO,., 8.8% contained 80 to 90% free SiO», 
and -33.3% contained over 90% free SiO,. Fifty-seven 
samples of pumice were examined. The steps in the 
manufacture of dental plates are described. V.S.pEM. 

Testing transmission-line insulators under deposit 
conditions. W. J. Jonn anp C. H. W. CrarKk. Jour. 
Inst. Elec. Engrs. [London], 85, 590-624 (1939).—A 
laboratory process was devised to simulate the formation of 
sooty, saline deposits on transmission-line insulators. A 
mist of salt solution was blown under dry or dewy condi- 
tions onto large 33-kv. insulators. The leakage current 
was used to judge an insulator in the tests. The flash- 
over voltage could also be measured. The performance of 
insulators in this test compared well with their behavior in 
practice. Existing types were tested, and a new design 
was evolved. Measurements of leakage current were also 
made on insulators exposed to atmospheric conditions. 

L.R.B. 

Using refractory clays of the Suvorov deposits in por- 
celain and faience bodies. M. M. Kuzmin. Keram. 
Sbornik, 1940, No. 9, pp. 51-56.—K. describes the de- 
posits, composition, and properties of the clays and dis- 
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cusses their suitability for the manufacture of porcelain 
or faience products. Data are tabulated. M.V.C. 
Whiteness of porcelain products. G. P. Frmirsev. 
Keram. Sbornik, 1940, No. 9, pp. 5-14.—Recommenda- 
tions for improving the color of porcelain ware in the 
U.S.S.R. are given. . M.V.C. 


PATENTS 


Dental investment composition. P.F. Co (Colum- 
bus Dental Mfg. Co.). U. S. 2,247,571, July 1, 1941 
(Dec. 17, 1935).—An investment composition for casting 
precious metals and their alloys consists principally of a 
siliceous refractory material and a calcium sulfate binder 
in such proportions as to give a dental investment com- 
position and contains 0.1 to 2.0% barium chloride. 

Dental investment composition. P. F. Coiiins (Ed- 
mund A. Steinbock). U.S. 2,247,572, July 1, 1941 (Dec. 
17, 1935; April 8, 1941).—An investment composition for 
casting precious metals and their alloys consists principally 
of a siliceous refractory material and a calcium sulfate 
binder in such proportions as to give a dental investment 
composition and contains 0.1 to 2.0% calcium chloride. 
U. S. 2,247,573, July 1, 1941 (April 8, 1941).—An in- 
vestment composition for casting precious metals and their 
alloys consists principally of a siliceous refractory material 
and a calcium sulfate binder in such proportions as to give a 
dental investment composition and contains 0.1 to 2.0% 
zine chloride. 

Dry-pressed ceramic bodies. Cari Scuusrertus (Ros- 
enthal-Isolatoren G.m.b.H.). Ger. 691,401, April 30, 
1940; 80d. 12.05; Chem. Abs., 35, 4173 (1941); addition 
to Ger. 680,205 (Ceram. Abs., 20 [4] 108 (1941)).—To 
mixtures of sericite alone or with talc is added quartz or 
feldspar or both. Sericite containing the two-mentioned 
minerals can be used. 

Investment. Rosert Nermman (Columbus Dental Mfg. 
Co.). U. §S. 2,247,395, July 1, 1941 (Feb. 7, 1936).— 
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An investment composition for casting precious metals and 
their alloys consists principally of a siliceous refractory 
material and a calcium sulfate binder in such proportions 
as to give a dental investment composition and contains 
0.1 to 2.0% strontium chloride. 

Investment composition. Rosert Neiman (Columbus 
Dental Mfg. Co.). U. S. 2,247,585, July 1, 1941 (Jan. 
16, 1939).—An investment composition comprises silica, 
plaster of Paris, and 0.25 to 3% ammonium chloride. 
U. S. 2,247,586, July 1, 1941 (Nov. 4, 1940).—An invest- 
ment composition for casting precious metals and their 
alloys consists principally of a siliceous refractory ma- 
terial and a calcium sulfate binder in such proportions as to 
give a dental investment composition and contains 0.1 to 
2% magnesium chloride. 

Investment composition. Rosert Neman (Edmund A. 
Steinbock). U.S. 2,247,587, July 1, 1941 (April 9, 1941). 
—An investment composition for casting precious metals 
and their alloys consists principally of a siliceous refractory 
material and a calcium sulfate binder in such proportions 
as to give a dental investment composition and contains 
0.1 to 2.0% cadmium chloride. U. S. 2,247,588, July 1, 
1941 (April 9, 1941).—An investment composition for 
casting precious metals and their alloys consists prin- 
cipally of a siliceous refractory material and a calcium sul- 
fate binder in such proportions as to give a dental invest- 
ment composition and contains 0.1 to 2.0% aluminum 
chloride. 

Spark plug electrode seal. Kari ScHWARTZWALDER 
AND A. S. Ruitkxa (General Motors Corp.). U. S. 2,248,- 
415, July 8, 1941 (July 3, 1940). 

S plug and method of making. J. E. D. McCarry 
AND M. F. Peters. U. S. 2,246,948, June 24, 1941 (Dec. 
12, 1939). 

Water closet defecator. W. C. Groenicer (John B. 
Pierce Foundation). Can. 396,833, May 27, 1941 (Nov. 
16, 1938; in U. S. Nov. 17, 1937). G.M.H. 


Equipment and Apparatus 


A B C of automatic temperature control. 
Instruments, 13 [12] 397 (1940). 

Determinations of surface temperatures by infrared 
photography. W. Fiscner. Elektrowdrme, 11 [4| 65-68 
(1941).—A method is described which permits the deter- 
mination of differences in surface temperatures of about 
120°C. with an error of 1°. The body whose surface 
temperature is to be determined is photographed on an 
infrared-sensitive layer either in a darkened room or with 
a filter to exclude the visible light. The degree of blacken- 
ing on the photographic plate is given by s = log Jo/J, 
where J is the intensity passing through a uniformly ex- 
posed area and J» designates the intensity passing through 
the general plate film. Jo is practically constant over 
the whole plate, while J diminishes with increasing tem- 
perature. The lowest temperature which still gives suffi- 
cient blackening is about 250°C. The I. G. Farbenin- 
dustrie produces special plates, the best for general use 
with infrared photography being “hard 850” which has a 
maximum sensitivity at 855 my. Examples are repro- 
duced, and the effect of the developer, exposure, -— evalu- 
ation are described. M.H. 

and firing with radiant energy. ANoNn. Steel, 
107 [18] 48-51; [19] 68-76, 93; [20] 48-50 (1940).—The 
basic factors involved in the use of radiant energy, either 
from incandescent lamps or from gas radiants, are ex- 
plained. Radiant ovens using incandescent lamps as the 
energy source have exceptionally low first cost, eliminate 
warm-up periods, operate at high efficiencies, afford 
positive temperature control, and are easily changed to 
accommodate new models or types of work. Gas radiants 
having 7 to 112 sq. in. of incandescent radiating surface 
per unit have tremendous infrared energy output and con- 
sequently dry and fire at exceptional speeds. Hot con- 
vection currents preclude cold drafts, flush out evaporated 
solvents, and penetrate ‘“‘shadows.”’ 
.ES. 


M. F. Benar. 
B.C.R 


Electrophoretic dewatering of clay sions. SIDNEY 
SPEIL. ull. Amer. Ceram. Soc., 20 [7] 244-45 (1941).— 
3 references. 

riments on thixotropic and other anomalous fluids 
with a new rotation viscometer. J. Pryce-Jongs. Jour. 
Sci. Instruments, 18 [3] 39-48 (1941).—A new viscometer 
is described, and its application to the study of anomalous 
viscosity, thixotropy, dilatancy, elastic recoil, yield value, 
and degree of dispersion of suspensions of solids in liquids 
is explained. It consists of two identical Couette vis- 
cometers rotating in opposite directions. A review of the 
precise meaning of rheological terms insofar as they can 


be illustrated by the new apparatus isincluded. 13 figures, 
23 references. J.L.G. 
Gamma rays in the service of industry. F. Guyor. 


Rev. Universeile Mines, 17 [4] 145-61 (1941).—The testing 
of the interior of materials by gamma rays is treated ex- 
haustively. Radium in the form of its salts is used in 
capsules. The quantity of Ra required, the location of 
the capsule for best results on or in the object, screens 
eventually to be used, the placing of the film, stereoscopic 
photography, and the evaluation of the radiographs are 
described in detail. The practical application is illus- 
trated by several examples of steel castings and a piece of 
reinforced concrete. M.H. 
Hydrometer-pipette method for mechanical analysis. 
N. N. V. E. McKervey. Jour. Sed. 
Petrology, 11 [1] 3-9 (1941).—A small sensitive hydrom- 
eter, reading in grams per liter, is enclosed in a pipette 
case similas to that holding the ordinary battery hydrom- 
eter. Pipette samples are taken from a suspension of 
known concentration as in the standard pipette method; 
instead of drying and weighing the samples, the concen- 
tration of the suspension in grams per liter is read from the 
hydrometer within the pipette case. The method is rapid 
and well within the usual accuracy. As the samples are 
taken from a known depth and the hydrometer is immersed 
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in a suspension which is uniform throughout, the faults of 
the Bouyoucos hydrometer method are eliminated. So 
little equipment is necessary that this method can be used 
in the field for rough mechanical analysis of fine-grained 
sediments. G.M.H. 

Industrial pyrometry. M. F. Benar. Instruments, 13 
[9] 260; [10] 294; [11] 340; [12] 383 (1940).—B. dis- 
cusses in detail the theoretical principles, construction, 
calibration, and uses of thermoelectric, radiation, and 
optical pyrometers. B.C.R. 

Method of determining expansion and shrinkage of 
ceramic materials. N. P. ZGonnik. XKeram. Sbornik, 
1940, No. 10, pp. 1-8.—A new apparatus is described. The 
results of measurements have been satisfactory. 

M.V.C. 

New methods of purifying water for the ceramic industry. 
W.S. Morrison. Bull. Amer. Ceram. Soc., 20 [7] 246-51 
(1941).—4 references. 

Operation of kryptol furnaces of the Ceramic Institute. 
A. I. Zaxnarov. Keram. Sbornik, 1940, No. 10, pp. 
28-39.—Several types of kryptol furnaces developed by 
the Ceramic Institute are described. See ‘‘Labora- 
tory ...,” Ceram. Abs., 20 [5] 123 (1941). M.V.C. 

Symons crusher. Mirrac. Ber. Deut. Keram. Ges., 
22 [4] 130-35 (1941).—Fundamental inventions like that 
of the steam engine by James Watt are rare. Blake ap- 
plied the toggle joint to stome crushers in 1856. Gates 
introduced continuous action in place of intermittent ac- 
tion. For 30 years, Symons Bros. worked on the improve- 
ment of the circular crusher, but not until 1928, with the 
Symons crusher, did they follow any fundamentally new 
idea. Observing that when stone is broken by blows of a 
hammer the product is more uniform than when broken by 
pressure, Symons Bros. designed their crusher so that the 
pieces of stone are subjected to repeated blows but cannot 
fall from the crusher until they have attained the desired 
size. Illustrated. W.H.H. 

Symons crusher in the ceramic industry and the Uni- 
versal Grinding Plant. Kircnunorr. Ber. Deut. Keram. 
Ges., 22 [4] 135-49 (1941).—The objection to the ball mill 
and the edge mill, generally used for grinding, is that the 
product consists of rounded particles which are undesir- 
able in ceramics. The Symons conical crusher was ap- 
plied to ceramic materials, and, after modification, an out- 
put of 20% of particles under 5 mm. was obtained. The 
product of the Symons granulator, as it is called, is splintery 
and sharp angled, which is a great advantage in the ceramic 
industry. K. gives illustrations of various forms of crush- 
ing or pulverizing machinery, such as the jaw crusher, ball 
mill, edge mill, and the Symons granulator, together with a 
table of results obtained with the last on various materials. 
He then describes the Universal Grinding and Drying Plant. 
The material to be ground is fed to the mill by a plate 
feeder, and the ground material is carried by an air stream 
to the sieve. Material that is too coarse is automatically 
returned to the mill for further grinding. When necessary, 
the air stream is heated to dry the material before grinding. 
The advantages claimed for this installation are as follows: 
(1) Ceramic raw materials can be dried in one operation 
without mechanical conveyers. (2) Sifting is thorough so 
that the fine material is carried by the air stream immedi- 
ately out of the mill, thus giving high efficiency. (3) The 
sieve has no movable parts, and therefore the wear is small. 
(4) The fineness of the ground material is easily and con- 
veniently regulated even while the mill is in operation. 
(5) When a mixture of several materials is ground, there is 
intimate mixing. (6) Attendance is simple because of the 
arrangement of the installation. (7) Freedom from dust 
is practically complete as the entire installation works un- 
der a vacuum. W.H.H. 

Tasks and problems of machine technique in fine 
ceramics. WALTER SCHLEGEL. Ber. Deut. Keram. Ges., 
22 [4] 121-30 (1941).—In the last 20 years, to an increas- 
ing extent, machine builders have attempted to supply ma- 
chines for finishing ceramic articles as well as for preparing 
the raw materials. Social conditions now demand auto- 
matic machines to conserve man power as much as possible. 
Compared with other industries, the ceramic industry has 
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been backward in adopting such machines, and the present 
discrepancy between demand and attainment is therefore 
felt keenly. If the demand for automatic machinery de- 
creases after the war, a great burden will be placed on the 
builders of automatic machinery for years to come. For 
many years, automatic machines for turning cups, auto- 
matic driers, crank presses for electrical porcelain and 
steatite parts, and more or less automatic friction presses 
and polishing, glazing, and measuring machines in the 
plate industry have been used. These all require hand 
labor of some kind; in the U. S., there has been much 
greater progress toward completely automatic machinery. 
In Germany, in making 500 porcelain plates per hour, the 
work of 10 men is required from the fluid mix to the dried 
plate. The work of 9 of these men might be done by re- 
volving filters and other machinery, but the 10th man, who 
removes the dried plate from the oven, could hardly be 
replaced. Continuous filter processes have not yet been in- 
troduced into Germany. Plate makers and turners must 
naturally in the future be rendered unnecessary by the 
completely automatic plate-turning machine. The best 
machine developed in 20 years of effort, however, is not com- 
pletely automatic. There is a similar problem in making 
porcelain insulators, but in this case a hot press takes the 
place of the plate machine. In the floor-tile industry, 4 or 
5 workers are required in connection with a hydraulic 
press. The completely automatic toggle joint press with 
hydraulic back pressure, brought out three years ago, has, 
therefore, a large field of application. Automatic produc- 
tion machinery, however, must be supplied with raw ma- 
terial of great uniformity, which introduces new problems. 
The demand for a constant particle size of the hard ma- 
terials, quartz and feldspar, will in the future lead to dry 
grinding rather than wet grinding. Dry grinding, with air 
separation, works continuously and completely auto- 
matically and has proved most satisfactory for fine ceram- 
ics. The moisture content of material for presses must be 
kept as constant as possible, and difficulties in accomplish- 
ing this have delayed the introduction of automatic ma- 
chinery. Another unsolved problem is the production 
of homogeneously mixed plastic bodies. Many plants are 
satisfied with deaired bodies, disregarding the fact that they 
still show structure. For some products of electrical 
ceramics, however, such structure is so disadvantageous 
that the matter requires further study. S. believes that 
only after fundamental research on the physical basis of 
the plastic forming of ceramic bodies will it be possible to 
find the correct method for forming bodies. This is both 
an interesting and a difficult task. See ‘‘Develop- 
ments... ,” Ceram. Abs., 20 [5] 122 (1941). W.H.H. 
Universal spectrograph with a large dispersion in the 
visible part of the spectrum. S. M. KarTcHENKov. 
Optiko Mekh. Prom., 10 [2] 4-5 (1940). M.V.C. 
Using high-frequency current for drying ceramic prod- 
ucts. A. I. AvGUSTINIK AND P. M. BRUSLINSKAYA. 
Keram. Sbornik, 1939, No. 5, pp. 33-39.—Successful at- 
tempts to use high-frequency installations for drying vari- 
ous ceramic products are described. M.V.C. 
Vacuum lathe for turning fine clayware. F.H.Norron. 
Bull. Amer. Ceram. Soc., 20 [7] 251-52 (1941).—1 figure. 
Wheatstone bridge circuits for automatic temperature 
regulators. .F. W. Jones. Jour. Sci. Instruments, 18 [3}| 
48-49 (1941).—J. describes improved forms of bridge cir- 
cuits for use with resistance thermometers to control the 
temperature of furnaces. Potentiometers or multitapping 
switches may conveniently be employed in the bridges. 3 
schematic diagrams. J.L.G. 
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Gloss-Measuring Instrument. Anon. Indian Lac Re- 
search Inst. Bull., No. 37 (1940); reviewed in Chem. Age 
[London], 44 [1124] 27 (1941).—An instrument is de- 
scribed in which gloss is measured by plotting the amount 
of reflected light against various angles of incidence and 
comparing the resultant curves. The source of light 
and the device for measuring the reflected light are fixed, 
and the glossy surface can be rotated so as to vary the 
angle of incidence. The curves can be automatically 


v 


1941 


recorded by connecting the axis of the test panel with oat 
of hege drum camera. A.B 

o rmissible Mine Equipment Approved During 
1940. E.J.Griem. U.S. Bur. Mines Information Circ., 
No. 7158, 4 pp. Free.—This list supplements that pub- 
lished as tbid., No. 7110. R.A.H. 


PATENTS 


Clay-products saw. J. A. Bour (G. F. Reinhardt and 
G. - Birch). U. S. 2,247,183, June 24, 1941 (May 16, 
1940). 

Continuous filtration. ArtHUR Wricut. U. S. 2,247,- 
460, July 1, 1941 (Nov. 30, 1937).—In combination with a 
rotatable filter drum having a filter compartment defined 
by external peripheral walls and subject to a pressure dif- 
ferential, a filter medium substantially covering the com- 
partment between the walls and including a filter base 
section adapted to serve as a drainage member comprising 
an endless cord arranged in the form of a filtering layer 
composed of parallel runs of the endless cord and a cake- 
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removal section adapted to lie upon the filter base section 
comprising an endless cord arranged in the form of a cake- 
removal layer composed of parallel runs of the endless cord, 
means for removing both sections of the medium from con- 
tact with the filter drum, and means for removing the cake 
from the cake-removal section of the filter medium. 

Glossmeter. D. B. BrapnerR G. C. Munro 
(Champion Paper and Fibre Co.). U. S. 2,246,501, June 
24, 1941 (March 1, 1939). 

Hollow brick molding apparatus. Vicror EHRENHAFT. 
Can. 397,541, June 24, 1941 (July 28, 1939). G.M.H. 

Hopper feed control and J. A. ASKENBACK. 
U. S. 2,249,372, July 15, 1941 (July 5, 1940). 

Liquid pump. Ricwarp H. Dickinson (Fluid Trans- 


fer, Ltd.). Can. 397,301, Jume 17, 1941 (March 18, 
1938). G.M.H. 
Sclar heater. C. G. Assor. U. S. 2,247,830, July 1, 
1941 (July 7, 1938). 
Tile-cu machine. Ne.icnu Coates. Can. 
396,883, June 3, 1941 (March 28, 1939). G.M.H. 


Kilns, Furnaces, Fuels, and Combustion 


Critical study of the determination of carbon monoxide 
by combustion over platinum in the presence of excess 
oxygen. JosepH R. BRANHAM, MARTIN SHEPHERD, AND 
SHUFORD SCHUHMANN. Jour. Research Nat. Bur. Stand- 
ards, 26 [6] 571-89 (1941); RP 1396. Price 10¢.—This 
paper is one of a series on direct measurements of the funda- 
mental accuracy of methods of gas analysis. Carbon 
monoxide of known purity was analyzed by the slow-com- 
bustion method. The contraction after burning, the 
carbon dioxide produced, and the oxygen consumed were 
measured. Apparatus with and without rubber connec- 
tions was used. The distinct effect of the amount of liquid 
water within the cdémbustion pipette and burette was 


measured. Analyses were performed with all gases dry 
as well as with gases saturated with respect to water vapor. 
R.A.H 


Heat flow in tunnel kilns for high-tension porce- 
lain. G. A. Kovertman. Keram. Sbornik, 1940, No. 6, 
pp. 1-19.—The operation of the tunnel kiln of the Artem 
plant is efficient, and there is only a relatively small loss of 
heat. M.V.C. 

Tunnel kiln for firing sanitary faience. A.M. BAaRen- 
BoIM AND S. K. Lisrov. Aeram. Sbornik, 1939, No. 5, pp. 
14-28.—A new tunnel kiln developed by the State Ceramic 
Institute is described. M.V.C. 


Geology 


Bauxite available to England. P.Parrisn. Chem. Age 
[London], 44 [1124] 20 (1941).—Prior to World War 
II the English aluminum industry depended on supplies of 
bauxite from France. Fortunately, it is possible to obtain 
satisfactory deliveries from British and Dutch Guiana and 
the Netherlands East Indies. Adequate quantities are 
also available in India, and the existence of commercial de- 
posits in the Mlanje Mountain in Nyasaland has been es- 
tablished. A.BS. 

China clay situation. Aserconway. Chem. Age [Lon- 
don }, 44 [1128] 87 (1941).—At the recent annual general 
meeting of English Clays, Lovering, Pochin & Co., Ltd., 
A. stated that under normal conditions overseas ship- 
ments represented 60% of the company’s total trade, but 
as a result of the entry of Italy into the war and the 
occupatien of northwest Europe by Germany, the over- 
seas trade of the company dropped 47%, and assets in and 
debts owing from these countries had to be written off. A 
substantial recovery of debts from Spain formed an offset. 
The company’s foreign trade has declined, and the home 
trade also decreased 38% largely as a result of the severe 
rationing of the paper trade, which was its best customer. 
Consequently, many of the works have been closed, but 
the expense of keeping the closed pits free from water and 
the payment of minimum rents involved a large continuing 
expense. A. paid a high tribute to the research department 
of the company. A.B.S. 

Classification of argillaceous materials. P. A. Zr - 
YATCHENSKII. Ogneupory, 8 [2] 97-100 (1940).- 
critically reviews the classification of argillaceous mo ot 
given by Ries et al. ( Bull. Amer. Ceram. Soc., 18 (6) 213-15 
(1939)) and suggests a classification based upon the 
granulometric and mineralogical composition. M.V.C. 

Computing stratigraphic thickness. Mark H. Secrist. 
Amer. Jour. Sci., 239 [6] 417-20 (1941).—S. presents the 
following general formula for the computation of strati- 
graphic thickness, which may be used under any condi- 


ticus of traversing regardless of the bearing and slope of 
the traverse, the bearing of the strike, or the dip of the 
strata: / = hcosa = d sin a sin B, where a = cip angle, 
B = angle between the direction of the traverse and the 
bearing of the strike, and ¢ = stratigraphic thickness. 
The plus sign is used when the traverse slope and the dip 
angle are in opposite directions; the minus sign is used 
when they are in the same direction. B.C.R. 
Definition of band, layer, and kindred terms. FRANK 
C. Catxins. Econ. Geol., 36 (3) 345-49 (1941).—Because 
of the looseness often used in describing the formation 
and structure of rocks and ores, C. discusses the proper 
usage of such terms as band, layer, zone, seam, lens, 
horizon, bleb, etc. B.C.R. 
Determination of alkalinity in kaolins. R. I. Boroprr- 
skaya. Keram. Sbornik, 1940, No. 8, pp. 37-47.—Elec- 
trometric measurement of the pH of suspensions permits 
the detection of changes in concentrations of water glass, 
soda, lime, calcium chloride, and their combinations up to 
about pH 11.5; it can be made in 10 to 15 min. Colori- 
metric determinations of pH of filtrates of suspensions 
yields a lowered index of hydrogen, although the figures 
obtained may characterize the content of electrolytes. As 
turbid or cclored solutions often occur during filtering, 
however, the use of the colorimetric determination is 
limited. Colorimetric determinations of pH of a dialyzed 
solution is possible after 2 hr., during which an equilibrium 
between the suspensions and the solution occurs. The 
significance of the hydrogen index (determined colori- 
metrically) does not always coincide with the pH index of 
the suspension. The determination of the titrating alka- 
linity permits the control of the amount of alkali electro- 
lytes but it does not control calcium chloride. The elec- 
trometrical method of determining the pH of suspensions 
to determine the alkalinity in kaolins is superior to the 
other methods with regard to precision of results obtained 
and duration of the determination. M.V.C 
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Determination of extinction angles in augite and horn- 
blende with the universal stage. Jonun C. Horr. Amer. 
Jour. Sci., 239 [7] 489-92 (1941).—H. describes an ad- 
vantageous method for the determination of extinction 
angles which uses a procedure originated by Conrad Burri 
and is based on the determination of the coordinates of 
two morphological reference planes in the vertical zone. 
The necessary data are obtained during routine mineral 
examination, and the method offers a saving in time as well 
as greater inherent accuracy compared with the usual 
statistical thin-section approach. B.C.R. 

Growing importance of rare earths in the silicate indus- 
tries. Rupo.tr Scumipr. Glashilie, 71 [8] 105-108 
(1941).—The term “rare earths’’ comprises a series of 
basic oxides which are classified into two groups having 
similar chemical properties: (1) ‘“‘cerit earths’’: lan- 
thanum, cerium, praseodymium, neodymium, and sama- 
rium; (2) yttrias: (a) yttrium, (+) scandium, (c) terbia 
(europium, gadolinium, terbium), (d) erbia (dysprosium, 
holmium, erbium, thulium), and (e) “‘ytterbin earths”’ 
(ytterbium, cassiopeium). The yttria group has little 
practical use in glassmaking because of its high price, al- 
though yttrium oxide is sometimes inadvertently intro- 
duced with the ‘‘cerit earths’ in the batch. Lanthanum 
oxide has no coloring action on glass and only a slight de- 
coloring action. (A) Cerium oxide alone colors glass a 
pale yellow, and if this color is not desired, it is removed 
by the addition of very pure manganese dioxide; 3'/;% 
CeO, gives a beautiful yellow with a reddish tinge in glasses 
without lead and a gold yellow with the same quantity or 
twice as much titanium oxide produced by the formation 
of Ce(Ti,O;)2 or Ce(TiSiO;)2. The normal quantities are 
4kgm. titanium oxide, 2.5 kgm. cerium oxide, and 100 kgm. 
sand. Potassium glasses have a more orange tone. Lead 
glasses are more deeply colored. Iron impurities in the 
sand spoil the color. Cerium dioxide combines with a con- 
siderable amount of oxygen at low temperatures to form 
bubbles which refine the glass without the addition of 
other refining agents. This bubbling can be prevented by 
adding organic substances free from iron, such as sugar or 
fine coal: theoretically, 2.5 kgm. cerium oxide require 
0.12 kgm. sugar, but the exact amount must be deter- 
mined in each case if the sugar is to be burned out com- 
pletely so that it cannot react with the cerium. The oxi- 
dizing power of cerium is also utilized for decoloring pur- 
poses; it is a chemical decolorization which converts the 
ferrous to the ferric form, and. the latter is rendered color- 
less by neodymium oxide and some selenium. When 
cerium is used in combination with arsenic, fading may re- 
sult. Cerium is used in technical glasses to prevent 
fading from X rays, and pure cerium oxide alone has a 
high absorption for ultraviolet (Crooks glasses in England, 
Dich-royal and Filtray in France, and Sanoskop in Ger- 
many). These glasses contain 2 to 5% cerium oxide and 
are smelted in a reducing fire. Cerium oxide is moderately 
difficult to smelt and is introduced into the batch as the 
oxide, carbonate, or, preferably, the hydrate. It is ab- 
sorbed better in alumoborosilicate glasses if at least 7% 
barium oxide and zinc oxide are present. Cerium com- 
pounds and the other “‘cerit earths” are used for coloring 
porcelain. Cerium molybdate colors light blue; cerium 
titanate, bright yellow; neodymium phosphate, rose red; 
and praseodymium phosphate, leek green. All of these 
compounds withstand sharp fire without running and are 
suitable for underglaze colors in glass painting. CeQ, is 
also a good opacifier for enamels and glazes when tin oxide 
cannot be obtained. ‘‘Cerit’’ carbonate and ‘‘cerit’’ oxalate 
obtained in the production of thorium nitrate are especially 
suitable for this purpose and give a delicate ivory yellow. 
(B) Neodymium oxide colors glass a special bluish-red. 
Art glasses are characterized by a beautiful dichroism. 
The color is more blue in thin neodymium glasses and more 
purple in thicker glasses. Neodymium oxide and other 
rare oxides are being used for certain types of spectacle 
lenses to improve perception of colors and protect against 
dazzling. (C) Praseodymium oxide gives glasses a char- 


acteristic yellow-green color with complete absence of gray 
tones. 


Like neodymium oxide, it is used for art glasses, 
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and in combination with selenium it gives a series of gor- 
geous colors. Equal amounts of neodymium oxyhydrate 
and praseodymium oxyhydrate (4 kgm.) to 100 kgm. sand 
give beautiful grayed colors with olive-green tones in thin 
glass and red-brown tones in thick glass. The spectral 
absorption of the three earth oxides is very high. Their 
coloring is characterized by extreme purity, clarity, di- 
chroism, and absence of gray. Their brightness is due to 
the fact that their absorption of light is limited tc a very 
narrow field and they have sharper absorption bands. 
The colors are not affected by sharp or smoky fire or by 
sunlight but are visible only in glass of a certain thickness; 
they are therefore not apparent in glazes. Glasses contain- 
ing rare earths change color in different lighting, and the de- 
sired color change from daylight to electric light can now be 
calculated in advance from the different spectral absorp- 
tion curves; it can also be calculated in the case of com- 
pounds of the rare earths with vanadium, selenium, and 
titanium. Cerium and neodymium compounds are also 
used for decoloring; the latter produce a physical decolor- 
ing by complementary action, since bluish-red is the best 
complement for yellow ferric coloring. For decoloring 
lead glass, a mixture of neodymium oxide and nickelous ox- 
ide is recommended, and the melt is made strongly oxi- 
dizing by arsenic (up to 1 kgm. with 100 kgm. sand). To 
prevent the bluish tinge of NiO, more Nd,O; is used. A 
chemical decoloration takes place in borosilicate glasses 
with 0.5 to 1% Nd,Oy. M.V.C. 
Impurities and inciusions found in colored Iceland 
A. G. Suranper. Optiko Mekh. Prom., 10 [9] 11-12 
(1940).—Numerous transparent but colored calcite crys- 
tals of the Iceland type are found in Russia. By means 
of spectrum analysis it was found that colored and color- 
less calcite crystals me~ contain Mg, Mn, Fe, Pb, Mo, Al, 
Pt, Ru, Os, and Ir. Mineral mechanical admixtures 
which may produce the coloring have been detected in 
crystals; admixtures of organic character were also found 
Smoky gray crystals of the Khamuishinskii deposits con- 
tain microscopic crystals containing Fe, according to 
morphological evidence, goethite. The yellow-colored lower 
part of the Nizhne-Tungusskil crystals is accounted for 
by organic admixtures containing Fe. The rose-violet 
coloring of Kaimakchunskii crystals is due to photo- 
chemical causes. The light-rose coloring of Komungurskii 
crystals is due to the presence of Mn. M.V.C. 
Kaolin of Furbara. ANon. Ind. Min. Ital. & Olitrem. 
[Rome], No. 10, pp. 405-406 (1938); Béibliografia Iial., 
{II} IMI-IV [7-12] Ingegneria Se . Abs. 1314 (1939).- 
A kaolin deposit estimated at ove: 360,000 tons has been 
discovered in Furbara in Cerveteri township. This 
kaolin conveniently purified would give a material similar 
to that of foreign origin for use in ceramics. See Ceram. 
Abs., 18 [3] 84 (1939). V.S.pEM. 
Microscopic and spectrographic studies of a few min- 
erals. Uco Panicni. Pertodico Mineral. [Rome], No. 1, 
pp. 99-109 (1939); Bibliografia Ital., [II] UI [7-9] 
Geologia e Mineralogia Sect., Abs. 130 (1939).—P. de- 
scribes a mineralogic and petrographic microscope com- 
bined with a common spectroscope which can be used to 
make the rapid determinations needed in studying miner- 
als. This instrument is manufactured by the Officine 
Galileo. V.S.pEM. 
Probable error of sampling beach sand for heavy mineral 
analysis. W. C. KRUMBEIN AND W. C. RASMUSSEN. 
Jour. Sed. Petrology, 11 [1] 10-20 (1941).—An evaluation 
of current routines of heavy-mineral analysis is made in 
the light of data obtained in sampling, splitting, separating, 
and counting twenty-four closely spaced beach-sand 


samples. G.M.H. 
Refractory sand of Fonte Ciri (Mondovi). Frprrico 
Sacco. Mat. Prime Ital. Imp. [Rome], No. 3-4, pp. 


135-39 (1939); Bibliografia Ital., [11] IV [10-12] Geologia 
e Mineralogia Sect., Abs. 177 (1939).—The physicochemi- 
cal characteristics of the refractory sand have been 
studied, and the possibility of its utilization in various 
industries i is discussed. V.S.pEM. 

Grenn Mourpuy. ASTM Bull., No. 110, 
pp. 25-28 (1941).—A sample used as a criterion for the 


1941 


quality of a consignment of material must be representative 
and must be selected at random and by a representative 
of the consumer. The basis of the theory of sampling and 
methods for obtaining representative samples are dis- 
cussed. The matter of obtaining one sample that fails to 
meet the specifications, thereby causing a rejection of the 
material, is also discussed. Rejection of such material is 
believed to be justifiable on the basis that all the material 
of a consignment should at least meet the specifications; 
otherwise, either the specifications should be changed so 
that all of the material can meet them or the product 
should be improved. B.C.R. 
Size and surface of fine powders. P. C. CARMAN. 
Jour. Chem. Met. Mining Soc. S. Africa, 39 [8| 266-81 


(1939). Discussion. Jbid., [11] 338-42; 40 [3] 142-46; 
[8] 272-77 (1940). See “Determination ... Ceram. 
Abs., 18 [10] 274 (1939). E.H.McC. 


Using local quartz sands in the in-faience indus- 
try. E. A. Yur’eva. Keram. S ik, 1940, No. 9, pp. 
43-47.—The composition and properties of large deposits 
of quartz sand near Leningrad, Moscow, and Lugi are 
described. M.V.C. 

{-potential and the heat of wetting of clay in relation to 
temperature of firing. F.I. Arkurrov. Kolloid. Zhur., 
6, 241-44 (1940); Chem. Abs., 35, 2687 (1941).—Clay 
plates (2.5 x 4 x 1 cm.) prepared from clay B.-VS and 
Chasov-yar clay were dried at 110° to a constant weight 
and then fired at 800° to 1400°. After firing, the plates 
were powdered, the powder was mixed with distilled H,O, 
and after 24 hr. the suspension was filtered. The residue 
was placed in a vessel of the electroendosmosis apparatus, 


and the membrane was prepared by centrifuging. The 
greatest loss of weight (12.7%) occurred at 1000°. The 


loss of weight between 1000° and 1300° was 0.5%; above 
1300° no loss was observed. Untreated clay (B.-VS) had 
an electrokinetic potential of —2.0 mv.; that of clay fired 
to 600° was —10.3 mv. Up to 600° the potential increased. 
Above 600° it decreased up to 1000° (—10.2 mv.) when 
it increased again. The potential varied in the same way 
but its magnitude was almost twice as high in the presence 
of 0.001 N KCl. The Chasov-yar clay potential varied in 
the same manner from —4.2 (untreated) to —9.8 at 500°, 
decreasing up to 1100° (—22.0). The heat of wetting of 
untreated clay was 8.2 cal. per gm.; it decreased after 
firing at temperatures above 200°; at 1400° it was 0.5 cal. 


per gm. 
BOOK AND SEPARATE PUBLICATION 
Pre-Cambrian Geology and Mineral Resources of the 
Delaware Water Gap and Easton Quadrangles, New 
Jersey and Pennsylvania. W.S. Bayiey. U. S. Geol. 
Survey Bull., No. 920, 98 pp. Supt. of Documents, 
Govt. Printing Office, Washington, D. C. Price 40¢. 
The area described is 8 to 10 miles wide and extends 
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southwestward from Buttzville, N. J., for about 16 miles. 
It contains old iron mines and quarries of different kinds, 
most of which have long been inactive. The northern 
part is crossed by the Highland belt, a series of ridges com- 
posed of pre-Cambrian rocks, mainly gneisses, separated by 
valleys underlain by quartzites, limestones, shales, and 
conglomerates ranging in age from Cambrian to Devonian. 
North of this belt is the Kittatinny Valley, underlain by 
Cambrian, Ordovician, and Silurian beds, mainly of lime- 
stones and shale; south of it is the northwestern part of the 
Piedmont plateau, underlain for the most part by Newark 
conglomerate, sandstone, and shale. Pegmatites form 
sheets and, locally, dikes in pre-Cambrian limestone and 
gneiss. The principal economic products of the region are 
magnetite, limonite, marble, limestone, shale, and serpen- 
tine-tale rocks. R.A.H. 
Sedimentary Petrography. Henry B. MILner. Thomas 
Murby & Co., London. 3d ed. Reviewed in Jour. Sed. 
Petrology, 11 [1] 46 (1941). G.M.H. 
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Fractionation of clay. G. J. Lane anp D. S. PHEeLPs 
(Edgar Brothers Co.). U. S. 2,249,570, July 15, 1941 
(july 29, 1940). 

Means for analyzing and determining geologic strata. 
R. F. Beers. U. S. 2,249,108, July 15, 1941 (April 27, 
1939). 

Treating clays. G. J. Barker AND Emm 
(Wisconsin Alumni Research Foundation). U. S. 2,247,- 
467, July 1, 1941 (Aug. 1, 1940).—In a process for the 
production of clay products from common clays by the 
stiff- and soft-mud processes, an improvement comprises 
mixing with the clay an alkaline material in an amount 
which gives an acid clay a pH in the range of 7 to 9 and 
gives a nonacid clay a pH in the range of 8 to 10 and in 
amount further limited to that which in the alkalimetric 
titration of the clay mixed with water raises the pH of the 
clay substantially to those values at which the alkalimetric 
pH titration curve of the clay, within the respective range 
aforedescribed for the clay, changes from an initial section 
where an increment in the quantity of alkali causes a large 
increase in pH of the clay to a later section where the same 
increment in the quantity of alkali causes but a small in- 
crease in the pH of the clay, the alkaline material including 
an alkaline compound of an alkali metal in amount such 
that the clay to which the alkaline material has been added 
has at least 20% of its base-exchange capacity saturated 
with alkali metal. 

Treatment of clay by flotation. D. S. Pueips (Edgar 
Brothers Co.). U. S. 2,249,569, July 15, 1941 (July 29, 
1940).—In the treatment of clay material, the steps com- 
prise establishing a clay pulp containing sulfite waste 
liquor and blowing air into the pulp to produce a clay- 
Selecting froth. 
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Calcium sulfoferrite, calcium chloroferrite, and calcium 
nitroferrite. G. Matguort AND E. Caruso. Alli X° 
Congr. Intern. Ci:im., 1938, 2, 713-18; Bibliografia Ital. 
[II] IV [10-12] Chimica Sect., Abs. 605 (1939).—A series 
of salts derived from 3CaO- Fe,O; by association with differ- 
ent calcium salts was prepared. The preparation of the 
following salts is described: 3CaO-Fe,O;-CaSO,:-aq., 
3CaO-Fe,0;-CaChk-aq., and 3CaO-Fe,0;-Ca(NO;):-aq. 
Their properties were studied. They behave similarly to 
their corresponding aluminate salts. V.S.pEM. 

Determination of sodium and potassium in refractory 
materials. J. Hastam AND J. BrEELEY. Analyst, 66 
[782] 185-89 (1941).—The decomposition of the sample is 
accomplished by proper heating with NH,Cl and CaCO, 
as in the J. Lawrence Smith method. Potassium is de- 
termined in a portion of the aqueous extract of the fusion, 
which has been acidified with acetic acid, as potassium 
cobaltinitrite, for small amounts, or as potassium per- 
chlorate when present in large amounts. Sodium is de- 
termined in another portion of the extract, representing 


about an 0.5-gm. sample, by precipitating the sodium 
as sodium uranyl acetate. B.C.R. 
Spectrophotometric determinations of praseodymium, 
neodymium, and samarium. C.iemMeNt J. ROoppeEN. 
Jour. Research Nat. Bur. Standards, 26 [6] 557-70 (1941); 
RP 1395. Price 5¢. R.A.H 
Sulfosilicates and sulfoaluminates of heavy metals. 
G. G. Monseuise. Atti X° Congr. Intern. Chim., 1938, 
2, 732-36; Bébliografia Ital., [II] IV [10-12] Chimica 
Sect., Abs. 606 (1939).—The behavior of the sulfosilicates 
and sulfoaluminates of the heavy metals was investigated. 
The results show that they are generally of the form 
4Me,S - SiS, which is typical of silver and copper (cuprous) 
The correlation between the lead sulfosilicate and lead 
sulfoaluminate was studied. The thallous sulfosilicates 
and some of the cadmium sulfosilicates are described in de- 
tail. V.S.nEM 
System albite-anorthite-sphene. A. T. Prince. Ab- 
stracted in Trans. Amer. Geophys. Union, 1940, p. 364; 
Chem. Abs., 35, 2404 (1941).—The system was studied to 
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determine the phase relations at the liquidus temperature 
under atmospheric pressure. The system is of interest be- 
cause it deals with the well-known plagioclase series and 
the common accessory mineral, sphene. Its petrological 
significance is considered where diopside is taken as a fourth 
component. The compositions of mixtures ina certain part 
of the tetrahedron so formed approach those of simple di- 
orite and —_ basalt. 

System albite—wollastonite-nephelite. W. R. Fosrer. 
Abstracted in Trans. Amer. Geophys. Union, 1940, p. 364; 
Chem. Abs., 35, 2404 (1941).—The high-temperature 
equilibrium relations at atmospheric pressure of the three 
silicates Na Al polysilicate, Ca metasilicate, and Na Al 
orthosilicate were studied. These constitute the funda- 
mental molecules of the rock-forming minerals albite, 
wollastonite, and nephelite, respectively. The system 
forms a plane in the quaternary system soda—lime- 
alumina~silica. The three minerals concerned do not 
form a true ternary system, there being a plagioclase field 
insteed of a field of albite. The minimum-temperature 
point of the entire system is the albite-nephelite eutectic. 

Theory of solid solutions: I, Correlation in solid solu- 
tions. I. M. Lirsurrs. Zhur. Eksp. Teoret. Fiz., 9, 
481-99 (1939).—The relative positions of atoms in a lattice 
are characterized by a “‘correlation parameter’”’ calculated 
from the free energy of the solid solution. In linear lat- 
tices, the parameter, energy, and thermodynamic con- 
stants (Curie points, heat capacities, etc.) can be calcu- 
lated from the probabilities of the systems; in the three- 
dimensional lattice this is possible only to a rough ap- 
proximation (Jour. Chem. Phys., 6, 70-75 (1938)). II, 
Scattering of X rays by solid solutions. Zhur. Eksp. 
Teoret. Fiz., 9, 500-11 (1939).—L. develops equations for 
the Laue and Debye X-ray pictures of normal and dis- 
torted crystals of solid solutions above and below the Curie 
point. B.E.K. 

Volumetric analysis of clay and grog. T. P. Derip 
AND E. A. Litvinovicn. Ogneupory, 8 [3] 179-81 (1940). 
—The method suggested permits the determination of 
sesquioxides by the volumetric method in 4 to 5hr. It is 
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results of the determination of the total Al,O; and ry. by 
ee and titration are satisfactory. M.V.C 

ve studies of compounds in the systems PbO-B,0, 
and K,O-PbO-SiO,. Howarp F. McMurpie. Jour. 
Research Nat. Bur. Standards, 26 [6] 489-94 (1941); 
RP 1392. Price 5¢.—McM. presents X-ray diffraction 
data as determined from powder patterns of 10 compounds 
occurring in the systems PbO-B,O; and K,O—-PbO-SiO, 
as a supplement to the phase-equilibrium work previously 
reported on these systems (Ceram. Abs., 15 [11] 349 
(1936); 16 [8] 260 (1937)). These data may be useful in 
related studies for the identification of phases. The unit 
cell of K,O-2PbO-2SiO, was determined, and a possible 
atomic arrangement is outlined. R.A.H. 


BOOK AND SEPARATE PUBLICATION 


New Index to Literature on Spectrochemical Analysis. 
Prepared by W. F. MEGGERS AND B. F. Scrrpner. Ameri- 
can Society for Testing Materials, Philadelphia. 94 pp., 
1467 references. Price $1.00. B.C.R. 

Theoretical Metallurgy: IX, Entropies of Inorganic 
Substances. Revision (1940) of Data and Methods of 
Calculation. K. K. U.S. Bur. Mines Bull., 
No. 434, 115 pp. Supt. of Documents, Govt. Printing 
Office, Washington, D. C. Price 15¢—K. gives avail- 
able values of the entropies at 298.1°K. of the elements 
and inorganic compounds and explains the methods 
employed in calculating entropies to make possible 
a comparison of results. For Parts III, IV, and VI see 
Ceram. Abs., 16 [6] 190-91 (1937). R.A.H. 


PATENTS 


Ceramic coloring agent. C.G. Geary (E. I. du Pont de 
Nemours & Co.). U.S. 2,248,021, July 1, 1941 (July 29, 
1938).—A black ceramic pigment consists essentially of a 
compound of copper and chromium having a chromium to 
copper molecular ratio falling within the range 1.5:1 to 
2.5:1. 


Silicate manufacture. D. B. Cur i, Jr. (Philadelphia 


convenient for rapid analysis and mass analysis (without Quartz Co.). Can. 397,137, June 10, 1941 (Jan. 8, 1938). 
the determination of SiO,, CaO, MgO, and alkalis). The G.M.H. 
General 


Arthur Louis Day. E.C.Sutiivan. Ind. Eng. Chem., 
News Ed., 14 [17] 347 (1936); reprinted in Bull. Amer. 
Ceram. Soc., 20 [7] 252-54 (1941). 

Determination of dust concentrations in mine atmos- 
J. Howarp GrirrirHs AND T. Davin JoNgs. 

rans. Inst. Mining Engrs. |London], 99, 150-80 (1940) ; 
see Ceram. Abs., 19 [8] 204 (1940). F.S.M. 

Dust conditions in lead and zinc mines. 
Dus. Amer. Jour. Pub. Health, 31 [6] 619-29 (1941).— 
D. discusses the results of a study made of the dust condi- 
tions in the lead and zinc mines of Oklahoma, Kansas, and 
Missouri. B.C.R. 

Health plus safety. M.L. Ross. Steel, 107 [3] 4445, 
62 (1940).—At Westinghouse Electric & Mfg. Co. the 
health and safety program is aimed at eliminating acci- 
dents and occupational diseases. Good working conditions 
increase efficiency, and in most cases this results in higher 
wages for workers and a better return on the company’s 
investment. By consolidating the medical and safety de- 
partments under one management and inaugurating a 
health-promotion program in which all employees take 
part, compensation costs were reduced 60% after three 
years. H.E.S. 

Certain dusts produced by mining processes and in 
other ways. H. S. Patrerson. Jour. Chem. Met. 
Mining Soc. S. Africa, 39 [11] 380-91 (1939).—The dusts 
considered in detail were collected and examined as de- 
scribed in “‘Sampling of mine dusts with the thermal pre- 
cipitator” (this issue, p. 226). The dusts are from a 
variety of rocks, the finer dusts coming from the harder 
rocks. It has proved possible to obtain a relationship be- 
tween the average percentage of particles of about a quar- 
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ter of a micron and smaller and the average total number of 
particles produced from different rocks during drilling with 
central-water-feed machine drills in development ends 
ventilated only by the machine exhaust. Relatively coarse 
dusts are produced by shoveling rock and by dumping 
rock into ore bins. Discussion. Jbid., 40 [3] 136—42; 
[4] 176-78; [6] 227-33 (1939); [8] 286-88 (1940). See 
Ceram. Abs., 19 [1] 34 (1940). E.H.McC. 
Mycalex. Anon. Mfrs.’ Record, 110 [6] 46 (1941).— 
A method for the injection molding of Mycalex is de- 
scribed. Mycalex is a mixture of mica and a specially 
prepared glass. See Ceram. Abs., 19 [3] 64 7. 


Old stone furnace. E. S. DAWSON AND M. 
HINNEY. Sieel, 107 [2] 62, 64-65 (1940).—The history 
and life of the old ‘“‘Rebecca”’ charcoal blast furnace are 
described. The furnace was built in 1807 near Lisbon, 
Ohio. It had a capacity of two tons per day and a fuel 
ratio of 200 bu. of charcoal fer ton of iron. The melt sold 
for $90 per ton, and the ore was mined nearby. Illustrated. 
H.ESS. 

Protection against X rays and radium. E. Hascue. 
Elektrotech. Z., 61, 649-50 (July 11, 1940).—H. considers 
various methods of protection against radium and X rays 
as they are used industrially. He discusses present Ger- 
man codes and describes an objective control system by 
means of calibrating films which is easy to apply in indus- 
trial plants. F.S.M. 

Sampling of mine dusts with the thermal precipitator. 
H.S. Patrerson. Jour. Chem. Met. Mining Soc. S. Africa, 
39 [11] 375-79 (1939).—On the Witwatersrand, several 
thousand mine-dust samples have been taken with the 


> 


1941 


thermal precipitator, but the methods of sampling and the 
subsequent examination of the records differ from the 
methods previously described. In ordinary mine sam- 
pling, the apparatus is carried on the back of one man while 
a second man follows to see that the flow of water in the 
aspirator is uniform. Samples are ignited to remove car- 
bon coming from acetylene lamps and are examined micro- 
scopically in comparison with circles and disks of known di- 
mensions. The records are not washed with HCl, either 
before or after ignition. Discussion. Jbid., 40 [3] 133- 
36; [4] 173-76; [6] 227-33 (1939). See “Silicosis . . 
VIII,” Ceram. Abs., 20 [4] 108 (1941). E.H.Mcc. 
Saving money in the boiler house: I, Smoke abate- 
ment and the measurement of smoke emission and soot 
deposition. S. N. Ducump. Steam. Engr., 6, 336-37, 
375-76, 382, 420-23, 515-16 (1937); 7, 29-31, 58-60, 
105-106, 110, 191-92, 199, 422-23, 432 (1938).—D. 
presents the subject in lecture style for the benefit of 
students. II, Flue gas analysis. Jbid., 7, 458-60, 508- 
10 (1938); 8, 18-21, 69-71, 109-11, 145-47 (1939). II, 
Keeping Lancashire boiler settings airtight. Jbid., 8, 
194-96, 241-43, 285-88, 330-32 (1939).—Practical advice 
is given. IV, Heat transmission and insulating materials 
and refractories. Jbid., 8, 374-75 (1939).—The laws of 
radiation from solids and gases are explained. V, Heat 
transfer in walls and pipe coverings. Jbid., 8, 416-17, 
424, 461-62, 506-508 (1939); 9, 19-20, 61-62, 72, 102- 
103, 138-39 (1940).—D. gives data, definition of terms, 
and mathematical expressions necessary for the calcula- 
tion of heat transfer by radiation, natural and forced con- 
vection, and conduction in solids and gases with special 
emphasis on multicomponent steampipe coverings. Ex- 
amples are worked out. The processing of magnesia 
asbestos and kieselguhr is described. See Ceram. Abs., 19 
[8] 191 (1940). L.R.B. 


SEPARATE PUBLICATIONS 


History of the School of Mines and Geology, State 
College of Washington. G. E. INcersot,. Wash. State 


General 227 


Coll. Met. Research Labs. Bull., R, 15 pp. (Feb., 
1938). B.L. 

List of American Standards for 1941. American Stand- 
ards Assn., New York, March 19, 1941. Free.—More 
than 400 American Standards are listed, covering defini- 
tions, technical terms, specifications for metals and other 
materials, methods of test for the finished product, di- 
mensions, safety provisions for use of machinery, and 
methods of work. They reach into every important engi- 
neering field and serve as a basis for many municipal, 
state, and federal regulations. Six hundred manufactur- 
ing, government, and user groups have shared in the de- 
velopment of these standards. These American stand- 
ards, developed by the industrial groups working through 
the American Standards Assn., represent the best in current 
practice. Provisions are made for their frequent review 
in order to keep them in line with a changing industrial 
setup. Many of the standards listed were brought up to 
date within the last year. 

Publications of the Kaiser Wilhelm Institute for Re- 
search on Silicates in Berlin-Dahlem: Vol. X (Verdéffentli- 
chungen aus dem Kaiser-Wilhelm-Iustitute fiir Silikatfor- 
schung in Berlin-Dahlem). Edited by W. Erret with 
A. Drerzet AND H. O’Danre.. Fredr. Vieweg & Sohn, 
Braunschweig, 1940. Reviewed in Ber. Deut. Keram. Ges., 
22 [3] 114 (1941).—Most of the papers of interest to cera- 
mists appeared in Ber. Deut. Keram. Ges. W.H.H. 


PATENTS 


Binder for ceramics. JosepHScHAgFEeR. Ger. 691,222, 
April 25, 1940; 806. 8.01; Chem. Abs., 35, 4172 (1941); 
addition to Ger. 690,126.—Moistened cyanamides and 
cyanates of the alkali and alkaline earths as well as salts 
forming cyanamides when heated are effective binders for 
ceramic bodies of magnesite, dolomite, Ca and Mg silicates, 
grog, chrome ore, corundum, etc. 

Water processing. Orro Liesxnecut (Permutit Co.). 
Can. 396,863, May 27, 1941 (March 24, 1939). 

G.M.H. 


UNASSIGNED JOURNALS 


The following journals are et present unassigned. 


An abstracter for any of these journals should 


have the journal available and be prepared to submit abstracts regularly each month. Address all 
requests for assignments to the office of Ceramic Abstracts, 2525 N. High St., Columbus, Ohio. 


Amer. Architect 
Angew. Chem. 
Architectural Record 
Brit. Dental Jour. 
Can. Jour. Research 
Can. Machinery 
Chem. Erde 

Chem. Fabrik 
Chem. Indus‘*-ies 
Chem.-Ztg. 

China, Glass & Lamps 
Clay Prod. News 
Elec. Eng. 

Engineer 

Erde & Stein 
Explosives Engr. 
Feuerungstechnik 
Gas Jour. 

Gas World 
Geogrephical Jour. 
Gesundh.-Ing. 


Ind. Power & Fuel Economist 
Jour. Chem. Education 
Jour. Phys. & Radium 
Jour. Phys. U.S.S.R. 
Kolloid. Zhur. 
Machinery [London] 
Machinery [N.Y.] 
Mech. World & Eng. Record 
Metallurgia 
Metallurgist 

Mil! & Factory 
Mineralog. Mag 
Mining Jour. [Phoenix] 
Power & Works Engr. 
Roads & Streets 
Science News Letter 
Stahl & Eisen 

Stained Glass 
Tonind.-Ztg. 

Z. Anal. Chem. 
Zement 


Illinois State Geol. Survey Bull., Information Z. Krist. 


Circ., Rept. of Investigations 
Ind. Marketing 


Z. Metallkunde 
Z. Physik 


MISSING ISSUES OF JOURNALS ABSTRACTED 


Because of the war, many issues of foreign journals are not being received by the 


abstracter to whom they are assigned. These unabstracted issues are listed below. 


The 


office of Ceramic Abstracts will appreciate hearing from anyone who has these copies 
available and who would be willing to abstract them. 


Ann. Chim. Applicata, April (1939) and following. 

Arch. Tech. Messen, Nos. 103 to 105, No. 107 (1940), 
and following. 

Ber. Deut. Chem. Ges., No. 4 (1940). 

Berg- & Hiittenminn. Monatshefte Montan. Hoch- 
schule Leoben, Nos. 6, 8, and 9 (1940) and all 1941 
issues. 

Bodenkunde & Pflanzenernahr., Vol. 
(1940) and following. 

Brennstoff-Chemie, Vol. 21, No. 10 (1940). 

Bull. Geol. Soc. China, Vol. 19, No. 4 (1939) and 
following. 

Chem. App., March 10, March 25, April 10, April 25 
(1940). 

Chem. Weekblad, June (1940) and following. 

Chimica & Industria, Jan. to May (1940), Dec. 
(1940), and all 1941 issues. 

Chimie & Industrie, June to Dec. (1940), inclusive. 

Compt. Rend., Nos. 23 and 24 (1940) and all 1941 
issues. 

Contrib. Nat. Research Inst. Geol., Acad. Sinica, 
Aug. (1938) and following. 

Contrib. Sin Yuan Fuel Lab., Geol. Survey China, 
Dec. (1937) and following. 

Diamant, No. 13 (1940) and all 1941 issues. 

Electrician, March 14 (1941). 

Electrotech. Jour. [Japan], No. 12 (1940) and all 
1941 issues. 

Elektrowarme, Nos. 3, 4, 6 to 8, and 11 (1940). 

Forsch. Gebiete Ingenieurw., No. 2 (1940) and follow- 
ing. 

Forschungsheft, No. 405 and following. 

Gasmaske, Vol. 12, No. 1 (1940) and following. 

Gas- & Wasserfach., Nos. 16 to 22 (1940). 

Gazz. Chim. Ital., Dec. (1940) and all 1941 issues. 

Geol. Bull. China, No. 33 and following. 

Geol. Mag., Vol. 77, No. 1 and No. 6 (Feb. and Dec., 
1940). 

Giesserei, Nos. 8, 9, 12, and 13 (1940). 

Giessereipraxis, Nos. 7 to 19 (1940) and all 1941 
issues. 

Gliickauf, all 1941 issues. 

Gt. Brit. Safety in Mines Research Board, No. 104 
and following. 

Ind. Meccan., Feb. (1941) and following. 

Iron & Steel Inst. [London], Carnegie Schol. Mem., 
Vol. 28 (1939) and following. 

Jour. Four Elec., Vol. 49, June (1940) and following. 

Jour. Roy. Microscopical Soc., all 1941 issues. 
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Jour. Soc. Chem. Ind. [London], April (1941) and 
following. 

Keram. Rundschau, all 1941 issues. 

Kolloid-Z., Vol. 89, p. 345, and following. 


Mem. Geol. Survey China, 1936 and following. 

Metall & Erz, No. 22 (1939) and following. 

Metallges. Periodic Rev., No. 15 (1939) and follow- 
ing. 

Métallurgie, Vol. 72, June (1940) and following. 

Metallwirtschaft, Nos. 17 to 38 (1940), Feb. (1941), 
and following. 

Métaux & Corrosion, Jan. (1940), May (1940), and 
following. 

Mitt. Forsch.-Anstalt. Gutehoffnungshiitte Ober- 
hausen A.-G., Vol. 7, No. 4 (1939) and following. 

Naturwissenschaften, Vol. 28, No. 38 (1940). 

Oberflachentech., Nos. 7, 8, and 12 to 24 (1940) and 
all 1941 issues. 

Usterr. Chem.-Ztg., Vol. 42, No. 23 (1939) and follow- 
ing. 

Physik, No. 1 (1941). 

Physik. Ber., No. 24 (1940) and all 1941 issues. 

Physik. Z., Vol. 40, p. 604, and following. 

Rev. Aluminium, July (1939) and following. 

Rev. Fonderie Moderne, April (1940) and following. 

Rev. Tech. Luxembourg., all 1940 and 1941 issues. 

Rev. Universelle Mines, Sept. to Nov. (1940) and 
Jan. and Feb. (1941). 

Ricerca Sci., Vol. 11, Nos. 4 and 6 (1940) and all 1941 
issues. 

Rundschau Deut. Tech., Vol. 20, No. 38 (1940) and 
following. 

Tech. Mitt. Krupp Forsch. Ber., March (1941) and 
following. 

Tech. Mitt. Krupp Tech. Ber., all 1941 issues. 

Umschau, Vol. 44, No. 28 (1940). 

Usine, July (1940) and following. 

Ver. deut. Elektrotech. Fachberichte, all 1939, 1940, 
and 1941 issues. 

Warme, all 1941 issues. 

Wiss. Veréffent. Siemens-Werken, 1940 and follow- 


ing. 

Z. Anorg. & Allgem. Chem., Feb. (1940) and follow 
ing. 

Z. Elektrochem., Vol. 46, Nos. 6 and 12 (1940) and 
following. 


Zhur. Tekh. Fiz., No. 2 (1940). 

Z. Instrumentenk., Sept. (1940) and following. 
Z. Physik. Chem., Vol. 45B, p. 229, and following. 
Z. Ver. Deut. Ing., all 1941 issues. 


THE AMERICAN CERAMIC SOCIETY, INC. 


2525 N. High St. 


Columbus, Ohio 


Autumn Meeting Schedule 


ENAMEL: Porcelain Enamel Institute Forum, Ohio State 
University, Columbus, Ohio, October 8-10. 


GLASS: Hotel Conneaut, Conneaut Lake Park, Pennsyl- 
vania, September 12-13. 


MATERIALS & EQUIPMENT and WHITE WARES: 
Summit Hotel, Uniontown, Pennsylvania, September 
19-20. 


REFRACTORIES: Granville Inn, Granville, Ohio, 
September 5-6. 


STRUCTURAL CLAY PRODUCTS with STRUC- 
TURAL CLAY PRODUCTS INSTITUTE: 
Mayflower Hotel, Washington, D. C., November 4-6. 


Plan to attend one or several of these Meetings. The time and 
money spent are negligible compared with the benefits received 
through contacts made with your fellow ceramists. 


The programs for the Division Meetings will be published in The 
Bulletin. 


THE AMERICAN CERAMIC SOCIETY, INC. 


2525 N. HIGH ST. COLUMBUS, OHIO 
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